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Abstract 
Traditional Chinese Medicine (TCM) has a long history dating back to the 
period of pre-Han Dynasty and has made great contributions to the survival and the 
prosperity of the Chinese people. In the past decades, TCM has been greatly 
appreciated in the West. With the increasing consumer demands, the modernization 
of TCM has become an international subject, and special attention is paid to the 
authentication and quality control of TCM. Proper, accurate and practical methods 
for authentication are necessary. Traditional methods focus on the morphological, 
anatomical and chemical characteristics, which greatly depend on the environment, 
growth periods, storage conditions, and harvest and post-harvest processes. 
DNA sequencing provides an alternative molecular approach for the 
authentication of Chinese medicinal materials, as the genetic makeup of an herbal 
species does not vary with their physical form, physiological and external conditions. 
In this method, only a small amount of herbal materials are needed for DNA 
extraction, and proper selection of DNA markers makes the authentication at the 
species level possible. DNA sequencing method was applied to three TCM herbs: Tu 
Si Zi (dodder seeds,冤絲子)，Xi Huang Cao (溪黃草)，and Dong Ling Cao (冬凌草). 
Tu Si Zi, as specified in the P.R.C. Pharmacopoeia, is the dried and ripe seed of 
Cuscuta chinensis Lam., an annual parasitic herb of the family Convolvulaceae. The 
DNA sequences of psbA-trnH intergenic and trnL-trnF regions (including trnL intron 
III 
and trnL-trnF intergenic spacer) were shown to provide efficient evidence to 
distinguish Cuscuta australis, C. chinensis, C. campestris, C. japonica, and C. 
reflexa. Meanwhile, investigation of dodder seeds collected from herbal market 
indicated that only one of them matched with C. chinensis, but most of them came 
from C. australis. 
Xi Huang Cao is the whole plant of Isodon lophanthoides (Buch.-Ham. Ex D. 
Don) Hara. Several Isodon species have been found as adulterants. The DNA 
sequences of internal transcribed spacer (ITS) were applied to investigate nine TCM 
materials of Xi Huang Cao. The results indicated that none of the samples collected 
from the herbal market was genuine. Most of the samples shared the same source of 
another species in Isodon. Further work should be carried out to identity this species. 
Dong Ling Cao is commonly used for treating various cancers. The source 
plant is Isodon rubescens (Hemsl.) Hara. All six samples of this herb were found 
genuine based on the sequences of ITS region. 
In addition to the values on the molecular authentication of TCM materials of 
Tu Si Zi，Xi Huang Cao and Dong Ling Cao, DNA sequencing also provided 
systematic information for inferring the phylogenetic relationship among plants. ITS-
1 and trnL-trnF regions were employed successfully to determine the relationship of 














冤丝子是旋花科一年生寄生植物C w ^ s c w如L a m .(冤丝子）的干燥 
成 熟 种 子 。 本 硏 究 通 過 丨 片 段 和 片 段 成 功 的 区 分 了 五 种 不 同 
的冤丝子 Cuscuta australis，C. chinensis’ C. campestris, C. japonica 和 C. 
reflexao同时，对收集自药材市场的冤丝子的研究表明，所有药材中仅一种是 
正品，大部分都是南方冤丝子。 
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Chapter 1. Introduction 
1.1. Traditional Chinese Medicine (TCM) 
Traditional Chinese Medicine (TCM) includes a range of traditional medicinal 
theories and practices developed in China. It has made great contributions to the 
survival and the prosperity of Chinese people. In today's society, TCM is still widely 
utilized in the treatment of many diseases. In particular, TCM is effective in the 
prevention and treatment of chronic diseases and metabolic syndromes (Kang, 2008). 
TCM is recognized as an attractive alternative to conventional medicine (Chen et al., 
2006). 
TCM theories derive from many sources including the theory of Tin Yang (陰陽)， 
the Five Phases, the human body channel system, Zang Fu (臟腑）organ theory, and 
others. All these theories are largely based on the philosophical concept that the 
human body is a small universe. In this universe Qi (breath,氣)，blood, Jing (kidney 
essence,精)，other bodily fluids, the five elements, emotions, and the soul or spirit 
work in balance to maintain and restore the healthy function of the human body. 
TCM practices are comprised of diagnostics and treatment. TCM diagnostics 
are based on overall observation of human symptoms by four methods: observation 
(望)，hear and smell (聞)，ask about background (問）and touching (切).In the period 
of treatment, Chinese herbal medicine, acupuncture, massage, Chinese food therapy, 
Qi Gong (氣功)，Tai Ji (太極）and many other methods are utilized, mostly 
combined to make the body back to balance in function. To demonstrate the efficacy 
in an evidence basis, scientists are focusing studies on these therapies, such as 
acupuncture (Ernst et al., 2007; Lee and Done, 2004)，massage (Field et al.，1997; 
Sunshine et al, 1996) and Tai-chi (Wolfe/ al., 1996; Young et al., 1999). 
1.2. The development history and present situation of Traditional 
Chinese Medicine 
TCM has a long history dating back to the period of Huang Di (pre-Han 
Dynasty). Neijing (The Yellow Emperor 's Canon of Internal Medicine 黃帝內經)is 
the greatest and the oldest Chinese classic, which established the theoretical 
foundation for the medical system. 
The theory of TCM is constantly improved with the development of Chinese 
nation. The Han Dynasty (漢代)had Zhang Zhongjing (張f中景)，one of the greatest 
physicians in China. The Tang Dynasty (唐朝）had Sun Simiao (孫思邈）who is 
named 'Herbal King'. The Ming Dynasty (明朝)had Li Shizhen (李時珍)and Zhang 
Jingyue (張景嶽)，who promoted TCM development. It is under the efforts and 
practices of them and other great physicians in the Chinese history that shaped TCM 
into a unique system. 
Since the beginning of the 19^ century, with the introduction and rapid 
developing of western medicine in China, a misconception that TCM is unscientific 
was formed among many Chinese scholars. TCM development was affected severely. 
After the foundation of the People's Republic of China, the Government affirms 
the policy to protect TCM. Then, TCM developed steadily. Up to now, many 
scientists are working to demonstrate its efficacy from an evidence-based approach. 
In the past decades, TCM has been greatly appreciated in the West. European 
Union member countries have become the largest consumers of Chinese herbs and 
botanical drug products. In these countries, traditional herbal medicine products are 
sold as food supplement or cosmetics, but no therapeutic claims can be made. Great 
Britain has been the largest market for Chinese herbal medicine in the EU, with an 
annual estimated market size of $200 million (Wen, 2005). 
1.3. Modernization of Traditional Chinese Medicine 
With increasing consumer demands, the modernization of TCM has become an 
international subject. Inheritance and innovation of TCM theory is one of the most 
important topics. It is equally important to inherit the TCM tradition and encourage 
innovation by absorbing modem acknowledgement of science and technology. 
To systematically carry out the task of TCM modernization, But (2001) 
proposed the "five finger mountain and golden head ring” model. The five fingers 
represent five areas: (a) authentication, (b) quality control starting from Good 
Agricultural Practice (GAP) to Good Manufacturing Practice (GMP), (c) safety 
documentation, (d) efficacy confirmation through evidence-based clinical and 
laboratory studies, and (5) computer informatics. On the other hand, the golden head 
ring, in form of such requirements as GMP and other government policies and 
regulations, is helpful to keep ill-disciplined manufacturers and traders in order. Once 
modernized, TCM would contribute much more to the health maintenance and 
disease treatment for humans. 
1.4. Authentication of Traditional Chinese Medicines 
With the popularity of Chinese herbs in the international market, the consumer 
demands for proper authentication of herb plants also increased (But, 1994). 
Substitutes or adulterants are common in the market. 
There are several possible reasons that substitutions and adulterations may 
occurred. The first reason is the use of common names. There are many examples 
that different names are assigned to the same Chinese medicine, or different 
medicinal materials share the same name. Using Isodon lophanthoides (Buch.-Ham. 
Ex D. Don) Ham as an example, it is known as Xian Wen Xiang Cha Cai (線紋香茶 
菜）in the Flora of China. However, it is named Xi Huang Cao (溪黃草）in the 
Chinese Pharmacopoeia. And it even has more local names in different provinces, 
such as Xiong Dan Cao (熊膽草）in GuangDong, Xiang Cha Cai (香茶菜）in 
JiangXi, Se Ge Da (溫挖痦）in Yunnan (Xie and Yu，1996). Second reason is the 
incorrect identification of medicinal materials. In most of these cases the adulterants 
closely resemble the genuine ones and the people concerned lack enough 
authentication experiences. The third is the intentional replacement of expensive 
Chinese medicines with cheaper ones. 
In cases of substitutions and adulterations, those materials used may have lower 
medicinal values or economic values. However, in some serious cases, poisonous 
adulterants may be misused and result in health problems. A recent publication 
reported two instances of Chinese herbal medicine poisoning in Singapore (Phua et 
al.，2008). In these cases, inappropriate consumption of Datura metel L.(洋金花) 
result in anticholinergic poisoning, such as confusion, dilated pupils, absence of 
sweating, and the absence of sluggish bowel sounds. 
Therefore, authentication of Chinese medicinal materials is quite an important 
process in the utility of TCM. Proper, accurate and practical methods for 
authentication are necessary. 
1.5. Methods for authentication of Traditional Chinese Medicine 
To carry out the authentication of Chinese herb materials, various methods have 
been utilized and they are always changing with the development of science and 
technology. The parameters for identification include morphological, anatomical, 
chemical and molecular ones. 
1.5.1. Morphological and histological methods 
Traditionally, morphological and histological inspections have been the usual 
methods of authentication. In these methods the shape, color, texture, odor of the 
whole plant and internal structure of tissues and cells are observed and recorded 
(Shaw et al, 2002). However, while these methods are simple and easy to perform, 
these observations depend on the examiner's experiences and judgment heavily. 
Besides, geographical environment, growth periods and the storage conditions will 
affect these characteristics. Finally, they are not applicable to most forms of modem 
herbal drugs, e. g.，herbal extracts and pills. 
1.5.2. Chemical methods 
Chemical and chromatographic techniques are currently used for identification 
and assessment of chemical constituents of TCM. Thus chemical constituents are 
viewed as identification markers for authentication. The most common techniques 
are high performance liquid chromatography (HPLC)，thin layer chromatography 
(TLC), and gas chromatography (GC) (Lazarowych and Pekos, 1998). However, 
chemical variability within the plant materials hinders the confirmation of its 
botanical identity. The chemical composition of an herbal species varies among 
different individual plants, and is significantly affected by growth and storage 
conditions and harvest and post-harvest processes. 
1.5.3. Molecular methods 
Genetic makeup inspections provide a definite answer to the botanical identity 
of the Chinese herbs, as the genetic makeup of an herbal species does not vary with 
their physical form, physiological and external conditions. With the advances in 
molecular biotechnology in the past decades, different DNA manipulation techniques 
have been developed and can potentially be used in herb authentication. Using Panax 
species as an example, the methods developed previously include low-Cot DNA 
fingerprinting, randomly amplified polymorphic DNA (RAPD) or arbitrarily primed 
polymerase chain reaction (AP-PCR), PCR-restriction fragment length 
polymorphism (PCR-RFLP) and mutant allele specific amplification (MASA) 
analysis, amplified DNA RFLP and microsatellite markers (Hon et al., 2003). 
DNA sequencing is an alternative molecular approach for the authentication of 
Chinese medicinal materials. In this method, only a few herbal materials are used for 
DNA extraction. And it is unnecessary to sequence the whole genome, but one or 
several useful DNA regions are enough. These DNA regions are useful at species 
level and authentication can be achieved by comparing the sequence data of the 
selected DNA regions. Species-specific base substitutions and insertions/deletions 
(indels) are important characters for the differentiation of genuine materials and 
adulterants. 
DNA sequencing has been used in the authentication of various Chinese herbal 
materials and is demonstrated to be efficient (Ngan et aL, 1999). For example, Herba 
Dendrobii (Shi Hu 石斛）is a commonly used Chinese medicine derived from the 
stem of several orchid species belonging to the genus Dendrobium. After sequencing 
and comparison, DNA sequences of the rDNA internal transcribed spacer 2 (ITS2) of 
16 Dendrobium species were shown to be significantly different from one another by 
an average of 12.4% and from non-orchids and Pholidota (an adulterant of Shi Hu) 
by 29.8% and 18.8%, respectively. The intra-specific variation among the 
Dendrobium species studied was only about 1%. Therefore, ITS2 region could be 
adopted as a molecular marker for differentiating medicinal Dendrobium species 
from one another and also from non-orchids and adulterants. (Lau et aL, 2001) 
DNA sequencing method is important when dealing with expensive materials or 
when samples quantity is limited. However, this method is not applicable if the 
genomic DNA of the herbal materials is destroyed. This always occurs in the 
manufacture processes of herbal materials, such as the drying process. Sometimes, 
fungal or other species contamination may happen and causes amplification of 
imdesired DNA fragments. 
1.6. DNA regions suitable for molecular authentication of Traditional 
Chinese Medicine 
Different genes and DNA regions evolve at different rates. As a result, a wide 
range of possibilities exists for differentiating taxonomic "groups using various 
sequencing data, from the level of species and genus to family and even higher levels. 
To identify Chinese herbs using DNA sequencing approach, the selection of 
appropriate DNA regions is of significant importance. Numerous genes and DNA 
regions were used in the molecular phylogenetic studies. And we can choose suitable 
markers for TCM authentication from these various DNA regions. 
1.6.1. The chloroplast genome 
Chloroplast DNA (cpDNA) sequences are a primary source of data for plant 
molecular systematic researches. A "typical" land plant chloroplast genome is a 
circular molecule characterized by two inverted repeat segments that separate the 
remainder of the molecular into a large and a small single-copy region, respectively. 
The advantage of cpDNA for phylogeny reconstruction is mostly focused on the fact 
that the chloroplast genome is small, typically between 120 and 200 kb. Most genes 
in the chloroplast genome are essentially single-copy (Palmer, 1985a, 1985b, 1986). 
And in contrast, most nuclear genes exist as multiple copies. The chloroplast genome 
is conservative in evolution. It is conservative at the structural level and evolves 
fairly slowly at the nucleotide sequence level (Palmer, 1986b, 1991; Downie and 
Palmer, 1992). Different portions of the chloroplast genome evolve at different rates 
and could be utilized in the studies of different taxonomic levels. 
In the early 1990s, most molecular phylogenetic studies relied on rbcL 
sequences of chloroplast genome. These studies were focused on taxonomic 
questions above the generic level (e.g., Chase et al., 1993). Subsequently, under the 
assumption that noncoding chloroplast DNA should be under less functional 
constraint than coding regions and should provide greater levels of variation for 
phylogenetic analyses (Gielly and Taberlet, 1994), scientists began to explore 
additional gene sequences of noncoding regions such as ndhF (Olmstead and Sweere, 
1994; Olmstead and Reeves, 1995), atpB (Hoot et al.，1995; Wolf, 1997), and matK 
(Johnson and Soltis，1994; Steele and Vilgalys, 1994) to find out regions that could 
provide high resolution at low taxonomic level. 
1.6.2. Nuclear sequences 
Nuclear genome is large in size and includes a large number of genes. However, 
most attempts to infer phylogeny with nuclear gene sequences have involved the 
nuclear ribosomal DNA cistron (rDNA). 
Fig. 1.1 illustrates the basic structure of rDNA, with a single repeat unit 
depicted. Each such repeat is reiterated thousands of times within most plant 
genomes, and rDNA represents as much as 10% of total plant DNA. Each repeat 
consists of a transcribed region that comprises an external transcribed spacer (ETS), 
followed by the 18S gene, an internal transcribed spacer (ITS-1), the 5.8S gene, a 
second internal transcribed spacer (ITS-2)，and finally the 26S gene. Each repeat is 
separated from the next repeat by an intergenic spacer (IGS) (Soltis and Soltis, 
1998). 
The reasons for the emphasis on the rDNA cistron as source of nuclear sequence 
data include the tandem repeat structure and extremely high copy number of rDNA 
(Rodgers and Bendich, 1987). These advantages make it easy to amplify or clone. In 
the rDNA gene family, the 18S and 26S genes are relatively conserved regions and 
can be used to infer phylogyny at higher taxonomic levels; ITS and IGS are more 
rapidly evolving segments, thus may be useful at the generic, specific and even (in 
the cases of IGS) the populational levels (Soltis and Soltis, 1998). 
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Figure 1.1. Schematic diagram of rDNA repeat in plants. 18S, 5.8S, and 
26S refer to the ribosomal rRNA genes. ITSl and ITS2 are the two 
internal transcribed spacer regions. IGS is the intergenic spacer; ETS is 
the external transcribed spacer. 
Although the rapid concerted evolution of rDNA (Amheim et al, 1980; Zimmer 
et al, 1980; Amheim, 1983; Appels and Dvorak, 1982) make this gene family useful 
for inferrig phylogeny, recent work indicates that the evolution of these regions may 
be more complex than previously assumed, and suggests caution in phylogeny 
reconstruction, particularly at lower taxonomic levels. Multiple functional loci, 
pseudogenes, and recombinants may exhibit in plant genomes (Buckler, et al.’ 1997; 
Buckler and Holtsford, 1996a; Buckler and Holtsford, 1996b) and thus make 
11 
systematic studies more complicated. 
1.6.3. Mitochondrial genome 
Mitochondrial genome has been a major focus in the phylogenetic studies of 
animals. However, in contrast, mitochondrial genome has been little used in studies 
of plant phylogeny. The primary reason for the lack of emphasis on the plant 
mitochondrial genome is the low rate of sequence change. The divergence of the 
cytochrome c oxidase 1 (COl) coding regions among families of flowering plants 
has been documented to be only a few base pairs across 1A kb of sequence (Kress et 
aL, 2005). Furthermore, plants rapidly change their mitochondrial genome structure, 
size, and configuration (Palmer, 1992)，making it difficult to analyze the 
mitochondrial genome. 
Once the suitable DNA markers selected, it greatly facilitates the process of 
traditional Chinese medicine authentication and the construction of phylogeny. In 
this project, DNA analysis is performed for the authentication of two Chinese herbs 
in the genera Cuscuta and Isodon and for inferring the phylogeny of Rutaceae with 
two genera Fagaropsis and Luvunga added. 
1.7. Herb TuSi Zi 
1.7.1. The identity of Traditional Chinese Medicine Tu Si Zi 
According to the Pharmacopoeia of the People's Republic of China 
(Pharmacopoeia Commission of the Ministry of Public Health, People's Republic of 
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China, 2000)，Tu Si Zi (Semen Cuscutae,冤糸糸子）is the dried and ripe seed of 
Cuscuta chinensis Lam., an annual parasitic herb of the family Convolvulaceae. The 
herb is mainly distributed in Jiangsu, Liaoning, Jilin，Hebei, Shandong and Henan 
provinces of China. The ripe seeds are collected in autumn, and then dried in the sun 
or boiled. Tu Si Zi is globose or ovoid, 1-1.5 mm in diameter. It is sweet in taste and 
warm in nature. 
1.7.2. The medicinal values of Tu Si Zi 
Dodder seed (the common name of Tu Si Zi) was recorded first in Shen Nong 
Ben Cao Jing (神農本草經).Li Shizhen (李時珍）listed it in Ben Cao Gang Mu (本 
草綱目）and described its functions as "invigorating deficiencies, benefiting Qi (氣， 
vital energy) and strengthening and promoting health". It also said, "taken 
appropriately on a long term basis, it benefits the eyes, keeps the individual fit and 
prevents aging". Today, dodder seeds is used in Chinese medicine to invigorate the 
kidneys and consolidate kidney essence, nourish the liver, improve eyesight, arrest 
diarrhea and soothe an unborn fetus (Lei, 2000). 
Clinical studies and animal studies also showed that dodder seeds has the 
following effects: gynecological effects in treating threatened abortion (Zhu, 1987), 
Yang (陽）strengthening effects (Mi, 1991)，beneficial effects on heart rate and blood 
pressure (Jiangsu New Medical College, Pharmacopoeia of Chinese Medicine, 1997, 
2006), anti-bacterial effects (Jilin Province Chinese Medicine Research Institute, 
1982). 
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1.7.3. Local substitutes of Tu Si Zi 
Although the source of dodder seeds is Cuscuta Chinese Lam., listed in the 
Pharmacopoeia of the People's Republic of China, there are several local substitutes 
widely used in different areas of China. 
Two of the widely used local substitutes of dodder seed are sees of Cuscuta 
australis R. Br.(南方冤糸糸子)and Cuscuta europaea L.(歐冤糸糸子).Cuscuta 
australis is mostly used in Beijing, Shanghai, and Zhejiang Provinces. The seed is 
ovoid, brownish, 1-1.5 mm in diameter. Cuscuta europaea is mostly used in Fujian, 
and Henan provinces. The seed is elliptic, pale brown, 1 mm in diameter. 
Another local substitute of dodder seed is the seed of Cuscuta japonica Choisy 
(金燈藤).This substitute is much different in morphology from the genuine one. The 
seed of Cuscuta japonica is 2-2.5 mm in diameter, making it easy to differentiate it 
from the genuine ones. 
Herb market investigation of dodder seed were carried out several times in 
China (Ye et aL, 2001; Guo et al” 1990). It is shown that Cuscuta australis should be 
the predominant source of Semen Cuscutae at present. Cuscuta chinensis, which is 
recorded in the Pharmacopoeia, is scarcely seen in the market. The major cause of 
this substitution is the parasitic habit of these two source plants. Cuscuta chinensis 
often parasites on plants of Fabaceae, Asteraceae, and Zygophyllaceae, and the 
soybean plants are the main hosts (Fang, et al., 1995). The parasitic hosts of Cuscuta 
australis are often herbaceous or shrubby plants such as Fabaceae, Asteraceae 
(Astemisia), and Verbenaceae (Fitex), which are more widely distributed (Fang, et al.’ 
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1995). Because of their different parasitic habit Cuscuta chinensis has limited 
distribution in northern China, while Cuscuta australis is found widely in most 
provinces in China. 
1.7.4. The need for molecular authentication of T\i Si Zi 
The herb Tu Si Zi is tiny and bears few morphological features for 
identification. Moreover, dodders are serious parasites that need to be controlled to 
avoid damages to agricultural and economic plants. Previous studies on 
pharmacognostic identification of Tu Si Zi have used morphological, histological (Jin 
et al.’ 1990) and chemical (Guo et al” 1991) markers. These markers tend to be very 
variable and cannot point to specific species. In this study, molecular sequencing was 
used to investigate the source plant of Tu Si Zi collected from the herbal markets in 
China, by taking advantage that this approach can identify the source plant to species 
level. 
1.8. Traditional Chinese Medicinal herbs from Isodon 
1.8.1. The genus Isodon 
Isodon (Schrader ex Bentham) Spach is a big genus in the family Lamiaceae. 
This genus is named Rabdosia (Bl.) Hassk. in Flora Reipublicae Popularis Sinicae 
(Wu and Li, 1977), and placed as a section in Plectranthus L，Heritier. Plants in 
Isodon are shrubs, subshrubs, or perennial herbs. Classified as a genus in Lamiaceae, 
Isodon shares the common characteristics of this family: flowers labiate; leaves 
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single, opposite; stems and branches 4-angled. Isodon plants differ from other genera 
of Lamiaceae in the 2-lipped corolla, with the upper lip 4-cleft, recurved or reflexed; 
and the lower lip entire. Isodon has 100-150 species distributed mainly in Asia and 
only a few in Africa. According to Flora Reipublicae Popularis Sinicae (Wu and Li, 
1977) there are 90 species and 21 varieties in China, whereas the Flora of China (Li 
and Hedge, 1994) recognizes 77 species and 10 varieties. 
Isodon is a genus of great medicinal values. Many species are used as 
traditional Chinese herbs. The Compendium of New China Herbal 新華本草綱要 
(Wu, 1988) lists 24 Isodon species as traditional herbs. The Handbook of Chinese 
Traditional and Herbal Drugs 全國中草藥名 • (Xie and Yu，1996) includes 34 
Isodon species with medicinal effects. In this study, two major herbs (Xi Huang Cao 
and Dong Ling Cao) were investigated in details. 
1.8.2. Xi Huang Cao 
1.8.2.1. Identity of Xi Huang Cao 
Xi Huang Cao (Herba Rabdosiae Lophanthoidis,溪黃草)，is the entire plant of 
Isodon lophanthoides (Buch.-Ham. Ex D. Don) Ham (線紋香茶菜）(Wu, 1988; Xie 
and Yu, 1996). It has long been used as a folk medicine in China, and is widely 
distributed, mainly in Fujian, Gansu, Guangdong, Guangxi, Guizhou, Hubei, Hunan, 
Jiangxi, Sichuan, Xizang, Yunnan, and Zhejiang provinces. It can also be found in 
India, Laos, Myanmar, Nepal, Thailand and Vietnam (Li and Hedge, 1994). Xi 
Huang Cao is a perennial herbal, with a height of 15-100 cm. The entire plant is 
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collected in summer or autumn. Both the dried and the fresh plant can be used in the 
traditional medicine. 
1.8.2.2. Medicinal values of Xi Huang Cao 
The concoctions of Xi Huang Cao are used for the treatment of acute icteric 
hepatitis, acute cholecystitis, enteritis, laryngopharyngitis, gynopathy, and 
lepromatous leprosy (Wu and Li, 1977). 
Recent studies found various diterpenoids and flavonoids in Isodon plants. 
These chemicals are claimed to have functions such as anti-bacteria, 
anti-inflammatory, anti-virus, anti-cancer and liver-protecting (Xiao et al, 2000). 
Water extracts of Xi Huang Cao were reported to have anti-inflammatory and 
liver-protecting effects in mice (Liao et al., 1996). Clinical studies carried out on 300 
patients of acute icteric hepatitis showed Xi Huang Cao's medicinal values on 
hepatitis treatment (Qing, 1994). Another studies on 68 patients of hepatitis B treated 
by She Cen Hu Xi Tang (蛇參虎溪湯）showed 84% effectiveness (Mo, 1997). 
Nowadays, there are various medicaments of Xi Huang Cao in the market for 
liver disease treatment. Besides, Herbal tea of Xi Huang Cao (溪黃草茶）is widely 
used both for the liver-protecting and ordinary health care. 
1.8.2.3. Confusions of herb Xi Huang Cao 
The source species of Xi Huang Cao is Isodon lophanthoides. However, two 
other species, Isodon serra (Maxim.) Hara (溪黃草）and Isodon stracheyi (Benth. Ex 
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Hook. F.) Ham (長葉香茶菜)，are used as local substitutes. The former is widely 
used in Guangdong and Guangxi provinces. And the latter is mostly used in Hainan 
province. It is claimed that the two substitutes have the similar medicinal effects as 
Isodon lophanthoides. 
Except these substitutes of Xi Huang Cao, other Isodon species may also be 
used as adulterants because of the similarity in morphology. 
1.8.3. Dong Ling Cao 
1.8.3.1. Identity of Dong Ling Cao 
Dong Ling Cao (Herba Rabdosiae Rubescentis,冬凌草）was not listed in 
herbal dictionaries of previous dynasties. It was made public from the folk medicine 
of Henan province in 1972, and in 1977 it was listed in the Pharmacopoeia of the 
People's Republic of China (Pharmacopoeia Commission of the Ministry of Public 
Health, People's Republic of China, 1977). 
According to the Pharmacopoeia, the source species of Dong Ling Cao is 
Isodon rubescens (Hemsl.) Hara (碎米©). It is mainly distributed in Henan province 
and areas of Yellow River Valley (Wu and Li, 1977). It is shrubs with a height of 
30-120 cm. The aerial part is collected in summer and autumn, and then dried to 
preserve. 
1.8.3.2. Medicinal values of Dong Ling Cao 
Dong Ling Cao is claimed to have the medicinal effects of clearing heat and 
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toxins, nourishing Yin (陰)，removing blood stasis, relieving swelling and pain of 
throat, curing insect and snake bites, and treating inflammation of the tonsils, 
recorded in the Pharmacopoeia. Besides, in the folk medicine it is used for treating 
cancer of esophagus, and confirmed to be effective. 
Recent studies were mainly focused on the anti-cancer activities of Dong Ling 
Cao. Clinical studies showed an increase of survival for more than 5 years in those 
patients with inoperable esophageal carcinoma after the herbal drugs treatment 
(Wang et aL, 1986; Wang, 1993). Further studies also indicated Dong Ling Cao's 
efficiency in treat other cancers, such as prostate cancer, breast cancer, ovarian 
cancer, lung cancer, and glioblastoma multiforme (Chen et al, 2005; Ikezoe et al, 
2003; Sartippour et aL, 2005). 
Diterpenoids were isolated from Dong Ling Cao and further studies on their 
bioactivities were carried out. Oridonin and Ponicidin are two of the diterpenoids that 
confirmed to take effects in the anti-cancer activities of the herb (Chen et al, 2005; 
Hsieh et aL, 2005; Ikezoe et al.，2003). 
According to the pharmacological effects of Dong ling Cao, various medicinal 
products exist in the market, such as Dong Ling Cao Tablet, Dong Ling Cao Syrup, 
and Dong Ling Cao herbal tea. 
1.8.4. The molecular authentication of two Isodon herbs 
Isodon is a large genus and about one-third of the Chinese species are used in 
the folk medicine. Because of the small differences in morphology and the 
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overlapping of the local names, substitution and adulteration are easily appeared in 
the market. In this study, molecular methods were employed to provide new 
approaches for authentication. 
Additionally, the DNA sequences obtained in this study should be DNA 
barcode for genuine Xi Huang Cao and Dong Ling Cao. 
1.9. Fagaropsis and Luvunga 
Rutaceae is a large family comprised of about 155 genera with 1600 species in 
the world, distributed mostly in tropical and subtropical regions (Chase et al” 1999). 
It is a family of great economic importance, as many species are sources of foods, 
spices, essential oil, herbal medicine, horticultural items, pharmaceuticals, and 
lumbar (Wiersema and Leon, 1999). 
1.9.1. The classification of Rutaceae 
As a large family, the classification of Rutaceae hasn't made an identical 
opinion yet. It is in a fluid state. 
The most comprehensive classification of Rutaceae was provided by Engler 
(1931)，which divided the family into seven subfamilies, namely Aurantioideae (or 
Citroideae), Dictyolomatoideae，Flindersioideae, Rhabdodendroideae, Rutoideae, 
Spathelioideae and Toddalioideae. Three of the subfamilies, Rutoideae, 
Toddalioideae and Aurantioideae, covering almost all genera in Rutaceae, are 
represented with follicles, capsules and berries, repespectively. 
20 
1.9.2. Controversial taxonomic issues with Fagaropsis and Luvunga 
Morphological studies by Hartley (1974，2001) questioned the validity in 
dividing Rutoideae and Toddalioideae based on differences in fruit characters, as he 
concluded that some genera in Toddalioideae are more closely related to genera in 
Rutoideae than to genera within their own subfamily. Hartley (1981) further 
indicated that Tetradium (Rutoideae) and Phellodendron Rupr. (Toddalioideae) are 
closely related, so close that it is impossible to distinguish them using vegetative or 
staminate material. He even suggested that Tetradium is likely the immediate 
ancestor of Phellodendron. He also considered Zanthoxylum L. (Rutoideae), 
Tetradium, and Phellodendron to be related to one another in a linear sequence. 
Similarly, he suggested that Acronychia J. R. Forst. and G. Forst. of Toddalioideae is 
closely related to Melicope of Rutoideae (Hartley, 1974; Hartley, 1981). Thome 
(1992，2000) and Thome and Reveal (2007) agreed with this suggestion and merged 
Toddalioideae into Rutoideae. 
Disagreement with Engler's (1931) classification was independently raised by 
the biochemical studies (Waterman, 1975; Waterman and Khalidl981). The genera 
Zanthoxylum (including Fagara L.) and Fagaropsis Mildbr. in Rutoideae and the 
genera Phellodendron and Toddalia Juss. in Toddalioideae were found to have 
retained the primitive 1 -benzyltetrahydroisoquinoline (1-BTIQ) alkaloid pathway 
and produce 1-BTIQ alkaloids. Waterman (1983, 2007) hypothesized that Rutaceae 
and related families switched from production of 1-BTIQ alkaloids to the production 
of advanced Rutalean metabolites: coumarins, limonoids, and furoquinoline alkaloids. 
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They further proposed to place these four genera in a 'proto-Rutaceae' group. None 
of these four genera, however, contain all the four types of metabolites. So 
Waterman (1983) suggested that the members of Euodia sensu lato with pinnately 
compound leaves {i.e., Tetradium) would be good candidates to contain both 1-BTIQ 
and all three types of advanced Rutalean metabolites. Studies following this 
suggestion indeed found in two Tetradium species 1-BTIQ and all three types of 
advanced Rutalean metabolites (Waterman, 2007; Ng et al, 1987a; Ng et al, 1987b; 
Quader et al., 1990). These findings lend support to the 'proto-Rutaceae', which 
includes Fagaropsis, Phellodendron, Tetradium, Toddalia, and Zanthoxylum. 
Recently, Poon et al (2007) undertook cladistic analyses of subfamilies 
Rutoideae and Toddalioideae in the Rutaceae. Their findings demonstrated that the 
two subfamilies are not natural. Moreover, four of the proto-Rutaceae genera 
included in their study, Phellodendron^ Tetradium, Toddalia, and Zanthoxylum, were 
resolved as a natural (monophyletic) group. Because the 'proto-Rutaceae' group may 
be significant in a future classification of Rutaceae and possibly a direction for 
search for bioactive leads (Waterman, 2007), we thought it significant to analyze the 
genus Fagaropsin，to test if it is a member of the proto-Rutaceae clade. 
Additionally, Chase et al (1999) reported that a specimen identified as 
'Luvunga eleutherandrd paired with Zanthoxylum (of proto-Rutacee). However, they 
then added in proof that the 'Luvunga eleutherandrd specimen was actually a 
Zanthoxylum. We collected specimens of Luvunga to confirm whether Luvmga nest 
in the Aurantioideae clade. 
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1.9.3. The need of phylogenetic studies of genus Fagaropsis and Luvunga 
To solve the confusions with the classification of Fagaropsis and Luvunga, 
phylogenetic studies carried out in this study. Specimens of these two genera were 
collected and specific DNA regions were sequenced and analyzed. The phylogram 
constructed by the sequencing data could provide new evidences on the controversial 
issues. 
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Chapter 2. Obj ectives 
Authentication of Chinese medicines is necessary due to numerous substitutes 
and adulterants found in the herbal market. Molecular authentication is an alternative 
approach for identification of TCM materials. It is generally not subjected to the 
influences of growing stage, physical forms, and environmental factors. DNA 
sequencing should be a proper method for the identity of Traditional Chinese 
Medicines. Additionally, by constructing phylogenetic trees with the sequences of 
specific DNA regions, systematic evidences could be collected and used to confirm 
scientific hypothesis. 
The objectives of this study were as follows: 
1. To authenticate the traditional Chinese Medicine Tu Si Zi (dodder seeds);. 
2. To authenticate the traditional Chinese Medicine Xi Huang Cao and Dong 
Ling Cao; 
3. To determine the classification of Fagaropsis and Luvunga in the family 
Rutaceae. 
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Chapter 3. Materials and Methods 
3.1. Samples used in this study 
3.1.1. Tu Si Zi (Dodder seeds) 
A total of 47 Traditional Chinese Medicinal materials of dodder were collected 
from herb shops in mainland China market and Hong Kong (Table 3.1). All these 
samples were seeds. From each smple, five seeds were picked for DNA extraction 
except samples of Da Tu Si Zi (大冤糸糸子).For the later only one seed was enough 
for the DNA extraction. 
Two dodder samples from Taiwan and three dodder samples from Hungary 
were collected (Table 3.2). These five samples were utilized as standard species in 
DNA analyses. The seeds of the samples were used for DNA extraction except 
sample Tl. For sample T1 the DNA was extracted from stem as there was no seed 
provided. 
Additionally, 6 sequences of pshA-trnH spacer and trnL-trnF (including trnL 
intron and trnL-trnF spacer) regions of one Cuscuta species and three other species 
of family Convolvulaceae were obtained from NCBI GenBank. The species and 
accession numbers were listed in Table 3.3. In this study, the online Cuscuta 
sequences were employed as reference species and the GenBank sequences of the 
other genera of Convolvulaceae family were employed as outgroups. 
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Table 3.1. Dodder collected from herb shops in mainland China. 
Code Source 
CI Guangdong 
C2 Guangdong GD03 Guangdong 
C3 Hong Kong GD04 Guangdong 
C4 Hebei GD05 Guangdong 
C5 Yunnan GD06 Guangdong 
C6 Yunnan GD07 Guangdong 
C7 Yunnan GD08 Guangdong 
C8 Yunnan GD09 Guangdong 
C9 Yunnan GXOl Guangxi 
CIO Yunnan NMOl Neimeng 
Cl l Yunnan NXOl Ningxia 
CDB2 Jilin HNOl Hunan 
CDB3 Sichuan HN03 Hunan 
CDB4 Sichuan HB02 Hebei 
CDB5 Jiangsu HB03 Hebei 
CDB6 Henan HB04 Hebei 
CDB7 Beijing HB05 Hebei 
ZJOl Zhejiang HB06 Hebei 
SCOl Sichuan HB07 Hebei 
SC02 Sichuan BJOl Beijing 
SC03 Sichuan BJ02 Beijing 
SC04 Sichuan BJ03 Beijing 
GDOl Guangdong TJOl Tianjin 
JSOl Jiangsu GD02 Guangdong 
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Table 3.2. Dodder samples collected as standard species. 




























金燈藤 Paul But 2009001， CUHK 
herbarium 
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Table 3.3. Sequences of Convolvulaceae obtained from NCBI GenBank. 
Species Accession no. DNA regions 
Cuscuta reflexa AM711640 pshA-trnH spacer; trnL-trnF region 
Ipomea purpurea EU118126 psbA-trnH spacer; trnL-trnF region 
Convolvulus floridus EF375900 psbA-trnH spacer 
Convolvulus sagittatus AY101103 trnL-trnF region 
3.1.2. Isodon herbs 
Herb samples of Dong Ling Cao (冬凌草）and Xi Huang Cao (溪黃草）were 
collected from mainland China and other regions. DNA was successfully extracted 
from six Dong Ling Cao (冬凌草）and nine Xi Huang Cao (溪黄草）samples, and 
their ITS region amplified (Table 3.4). 
Two DNA samples were obtained from the Royal Botanic Garden, Kew, UK 
(Table 3.5). These two were used as standard species in the authentication of TCM 
materials. 
Herbarium specimen samples were collected from Harvard University 
Herbarium. Those samples with total DNA extracted and specific fragments 
amplified successfully were listed presented in Table 3.6. Table 3.6 also showed 3 
fresh specimens collected in Hong Kong and Shenzhen. These specimens were 
deposited in the CUHK herbarium. Additionally, two species of other genera in the 
family of Labiaceae were employed as outgroups for DNA analyses. The specific 
regions and their NCBI GenBank accession number were shown in Table 3.7. 
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R1 冬凌草 Jiyuan, Henan 
R2 冬凌草 Hebi, Henan 
R5 冬凌草 Danyang, Jiangsu 
R6 冬凌草 Harvard University,USA 
R8 冬凌草 Jiaxing, Zhejiang 
R9 冬凌草 Hong Kong 
LI 溪黃草 Yingde，Guangdong 
L2 溪黃草 Qingyuan, Guangdong 
L3 溪黃草 Kunming, Yunnan 
L5 溪黃草 Qingping, Guangdong 
L6 溪黃草 Guangzhou, Guangdong 
L7 溪黃草 Qingping, Guangdong 
L8 溪黃草 Hangzhou, Zhejiang 
L9 溪黃草 Hangzhou, Zhejiang 
LIO 溪黃草 Shenzhen 
Table 3.5. Isodon DNA samples obtained from the Royal Botanic Garden, Kew, 
UK. 
Species Voucher Source Kew Ref. no. 
Isodon coetsa S. Suddee et al. 1085 Thailand 9796 
Isodon ternifolius S. Suddee and Pooma 830 Thailand 9797 
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Table 3.6. Herbarium specimens of Isodon species. 
Species Collector and 
voucher no. 
Source Herbarium 
Isodon adenanthus 1984 Sino-Amer Bot. 
Exped# 1532 
Yunnan Harvard University 
Herbarium, USA 
Isodon dawoensis Bonfford，Donoghue， 
and Ree 27807 
Sichuan Harvard University 
Herbarium, USA 
Isodon forrestii J.F.Rock 5623 Yunnan Harvard University 
Herbarium, USA 
Isodon gibbosus Sino-Amer Guizhou 
Bot. Exped #51 
Guizhou Harvard University 
Herbarium, USA 






Li Heng 10138 Harvard University 
Herbarium, USA 






D. E. Bonfford et al. 
29033 
Sichuan Harvard University 
Herbarium, USA 
Isodon coetsa Y. L. Wang Oil Hong 
Kong 
CUHK Herbarium, 
Hong Kong, China 
Isodon 
lophanthoides 
Y. L. Wang 014 Hong 
Kong 
CUHK Herbarium, 
Hong Kong, China 
Isodon 
amethystoides 
Y. L. Wang 015 Shenzhen CUHK Herbarium, 
Hong Kong, China 
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Table 3.7. Sequences of Labiaceae species obtained from the NCBI GenBank. 
Species Accession no. DNA regions 
Nepeta glomerulosa AJ515317 Internal transcribed spacer 
Hyptis alata DQ667235 Internal transcribed spacer 
3.1.3, Fagaropsis and Luvunga 
Taxa from Rutoideae and Toddalioideae were included in this study. A total of 
44 ITSl and 44 trnL-F sequences of the Rutaceae taxa reported previously from our 
laboratory by Poon et al (2007) were used in this analysis. In addition, trnL-F and 
ITSl sequences of Citrus maxima and Citrus reticulate were contained from NCBI 
GenBank to provide more data in Rutaceae family; Sequences of Acer capillipes 
(Aceraceae) and Melia azedarach (Meliceae) were downloaded also from NCBI 
database to perform the role of outgroup. All these 96 sequences obtained from 
NCBI database were showed in Table 3.8. 
Leaf fragments of Fagaropsis glabra Capuron and Luvunga scandens Roxb. 
were sampled from herbarium specimens collected by R. Capmon 24502-SF and by 
S. K. Lau 6331, respectively, kept in Harvard University Herbarium, USA (Table 3.9). 
Total DNA was extracted from these leaf fragments. 
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Table 3.8. trnL-trnF and ITSl sequences of Rutaceae obtained from NCBI 
database. 
Species Accession no. 
trnL-trnF ITSl 
Bosistoa medicinalis DQ225887 DQ225788 
Casimiroa edulis DQ225888 DQ225787 
Dinosperma melanophloium DQ225888 DQ225787 
Euodia hortensis DQ225898 DQ225812 
Euodia hortensis DQ225897 DQ225813 
Euodia pubifolia DQ225896 DQ225815 
Melicope rubra DQ225893 DQ225807 
Melicope ternata DQ225892 DQ225805 
Melicope ternata DQ225891 DQ225804 
Melicope vitiflora DQ225895 DQ225810 
Orixa japonica DQ225875 DQ225793 
Phellodendron amurense DQ225913 DQ225837 
Pitaviaster haplophyllus DQ225886 DQ225784 
Ptelea trifoliata DQ225876 DQ225789 
Ptelea trifoliata DQ225877 DQ225792 
Ruta graveolens DQ225872 DQ225781 
Ruta graveolens DQ225871 DQ225780 
Skimmia anquetilia DQ225879 DQ225796 
Skimmia japonica DQ225880 DQ225798 
Skimmia japonica DQ225881 DQ225799 
Skimmia japonica DQ225882 DQ225800 
Skimmia reevesiana DQ225883 DQ225801 
Skimmia laureola DQ225884 DQ225802 
Toddalia asiatica DQ225923 DQ225853 
Tetradium austrosinense DQ225906 DQ225830 
Tetradium daniellii DQ225903 DQ225833 
Tetradium daniellii DQ225904 DQ225826 
Tetradium daniellii DQ225905 DQ225825 
Tetradium glabhfolium DQ225902 DQ225827 
Tetradium ruticarpum DQ225910 DQ225831 
Tetradium ruticarpum DQ225911 DQ225825 
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Tetradium ruticarpum DQ225912 DQ225832 
Tetradium ruticarpum DQ225907 DQ225821 
Tetradium ruticarpum DQ225908 DQ225822 
Tetradium ruticarpum DQ225909 DQ225823 
Tetradium thchotomum DQ225900 DQ225835 
Tetradium trichotomum DQ225901 DQ225836 
Tetradium ruticarpum DQ225907 DQ225821 
Tetradium ruticarpum DQ225908 DQ225822 
Tetradium ruticarpum DQ225909 DQ225823 
Tetradium trichotomum DQ225900 DQ225835 
Tetradium trichotomum DQ225901 DQ225836 
Tetradium trichotomum DQ225899 DQ225834 
Zanthoxylum piperitum DQ225919 DQ225847 
Zanthoxylum schinifolium DQ225921 DQ225846 
Zanthoxylum simulans DQ225916 DQ225849 
Zanthoxylum simulans DQ225917 DQ225850 
Citrus maxima EU178124 AM398228 
Citrus reticulata EU178123 AM398230 
Acer capillipes AJ413097 AY605390 
Melia azedarach AB057481 AY695595 
Table 3.9. Herbarium specimens obtained from Harvard University Herbarium, 
USA 
Species Collector and voucher no. 
Fagaropsis glabra Capuron R. Capmon 24502-SF 
Luvunga scandens Roxb. S. K. Lau6331 
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3.2. Methods 
3.2.1. Sample preparation 
The samples collected in this study were fresh plants, herbarium specimens, 
and herb samples. For some of these samples seeds were used for total DNA 
extraction, that were all the Traditional Chinese Medicinal materials of dodder 
purchased from the market and some fresh samples of dodder obtained from the field 
in Hong Kong. For all the other samples, leaf was the source of DNA. 
In the total DNA extraction of seeds, 1 or 5 seeds were used. For samples of Da 
Tu Si Zi (大冤糸糸子）one seed was enough, and for samples of Tu Si Zi (冤糸糸子）5 
seeds were prepared for extraction. In the DNA extraction of leaf, 0.1-0.5g materials 
were prepared. 
All these seeds and leaf prepared for total DNA extraction were rinsed with 
75% ethanol and distilled water. These steps were used to minimize the 
contamination by removing dirt and fungi that might be present on the sample 
surface. The samples were then air dried and placed in a 1.5 ml microcentrifuge tube 
for DNA extraction. 
3.2.2. Total DNA extraction 
3.2.2.1. Cetyltriethylammonium bromide extraction 
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The total DNA was extracted by cetyltriethylammonium bromide (CTAB) 
extraction method. The protocol was adapted and modified from Kang and his 
colleagues (Kang et al,’ 1998). The extraction steps were as follows: 
a. Add 400 \i\ of extraction buffer^ containing 10 |xl proteinase K (Araiersham 
Pharmacia Biotech. Code #E76230Y). 
b. Cut the samples, seeds or leaf, into small pieces using a pair of sterilized 
scissors and ground into powder by using a sterilized plastic rod. 
c. Incubate the mixture at 37°C for 60 min. 
d. Add 400 \i\ of CTAB solution (2%f. Mix by inversion. 
e. Add 800 i^l of chloroformiisoamyl alcohol (24:1) with 5% phenol. Gently 
invert the microcentrifuge tube for 4-6 times. 
f. Centrifuge at 13,400 rpm in microcentrifuge for 10 min and transfer the 
supernatant to new tubes. 
g. Add 2/3 volume isopropanol and incubate the tube at room temperature for 10 
min to precipitate DNA. 
h. Centrifuge at 13,400 rpm for 5 min, remove supernatant, and wash the DNA 
pellet with 70% ethanol twice. 
i. Air dry the pellet by heat block at 60°C and resuspend in 50 \i\ of autoclaved 
MilliQ H2O. 
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j. Store in -20°C for further use. The quality of extracted total DNA is analyzed 
by gel electrophoresis. 
Notes 
1. Extraction buffer: 200 mM Tris-HCl (pH 8.0)，200 mM NaCl，25 mM EDTA， 
0.5% SDS. 
2. 2x CTAB solution: 2% CTAB (w/v), 100 mM Tris-HCl (pH 8.0), 20 mM 
EDTA (pH 8.0), 1.4 M NaCl, 1% PVP (polyvinylpyrrolidone), Mr 40,000. 
3.2.2.2. Commercial kit extraction 
Beside CTAB extraction method, a commercial kit, DNeasy® Plant Mini Kit 
(#69104) of Qiagen (USA), was used in isolating total DNA. Kit extraction provided 
an efficient and promising way to extract DNA. This method was used on those 
samples that did not generate good quality and quantity DNA by modified CTAB 
extraction, especially on samples of herbarium specimens and herbal materials. The 
following was the steps of kit extraction: 
a. Add 400 of Buffer API and 4 i^l of RNase A. 
b. Cut the samples into small pieces using a pair of sterilized scissors and ground 
into powder by using a sterilized plastic rod. 
c. Incubate at 65°C for 10 min with 2-3 times of inversion. 
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d. Add 130 i^l of Buffer AP2, mix and incubate in ice for 5 min. 
e. Centrifuge at 13,400 rpm for 5 min and transfer the supernatant to Mini Spin 
Column placed in a 2 ml collection tube. 
f. Centrifuge at 13,400 rpm for 2 min and transfer the flow-through fraction to a 
1.5 ml microcentrifuge tube without disturbing the cell-debris pellet. 
g. Add 1.5 volumes of Buffer Ap3/E to the cleared lysate and mix by pipetting. 
h. Transfer the mixture to the DNeasy Mini Spin Column sitting in a 2 ml 
collection tube. 
i. Centrifuge at 13,400 rpm for 1 min and discard the flow-through. 
j. Place the DNeasy Mini Spin Column into a new 2 ml collection tube. 
k. Add 500 |il Buffer AW to the DNeasy Mini Spin Column and Centrifuge at 
13,400 rpm for 1 min. 
1. Discard the flow-through and add another 500 |xl Buffer AW to the DNeasy 
Mini Spin Column. 
m. Centrifuge at 13,400 rpm for 2 min to dry the membrane and transfer the 
DNeasy Mini Spin Column to a 1.5 ml microcentrifuge tube. 
n. Add 50 |il Buffer AE onto the DNeasy membrane and incubate at room 
temperature for 5 min. Centrifugate at 13,400 rpm for 2 min. 
0. Repeat step n. again. 
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p. Store the DNA in -20°C for further use. The quality of isolated total DNA is 
analyzed by gel electrophoresis. 
3.2.3. DNA amplification 
The interested DNA region was amplified by polymerase chain reaction (PCR) 
using appropriate primers (Table 3.10). 
a. Reaction mixture (25 � : 2 . 5 “1 lOx PCR buffer, 2 [d 25 mM MgCb, 1 i^l 2.5 
mM dNTPs, 0.5 \i\ lOmM forward primer, 0.5 |xl 10 mM backward primer, 0.2 
\i\ Tag polymerase (5 units/ |il), 1-2 \i\ total DNA, and autoclaved MilliQ H2O. 
b. Add 25 |xl mineral oil gently onto the reaction mixture. 
c. PCR reaction performed in a Eppendorf Mastercycler® gradient thermal cycler 
using the following profile: 
1. 94°C for 4 min (denaturing) 
2. 94�C for 1 min (denaturing) 
3. 55�C for 1 min (annealing) 
4. 72�C for 2 min (extension) 
5. repeat steps 2-4 for 35 cycles 
6. 72�C for 5 min (extension) 
7. 15�C forever (temporary storage) 
38 
d. Amplified PGR products were kept in 4°C for storage. The quality of PCR 
products were analyzed by gel electrophoresis. 
3.2.3.1. psbA-trnH intergenic spacer 
pshA-trnH intergenic spacer located on the chloroplast genome. Inquiry into the 
psbA-trnH intergenic spacer began with Aldrich and his colleagues (Aldrich et al” 
1988) who showed that indels were prevalent in this region, even between closely 
related species. A later study (Sang et a/.，1997) showed this region to be of value to 
systematics, noting that it was highly variable compared to matK and trnL-trnF. 
Like all the other regions used in the phylogenetic studies from chloroplast 
genome, psbA-trnH intergenic spacer is single copy. Besides, the average length of 
this region is 465 bp, and it ranges from 198 to 1077 bp (Shaw et al.，2005). The 
above two points make this easy to be amplified and sequenced across all lineages 
and can be sequenced with only one primer in most taxa. 
However, psbA-trnH intergenic spacer is usually coupled with other regions 
because it is comparatively short and may not yield enough characters with which to 
build a well-resolved phylogeny. 
3.2.3.2. trnL-trnF region 
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The trnL�”从、intron and the intergenic spacer between the trnL^^^^ 3’ exon and the 
are noncoding sequences of the chloroplast genome that have 
phylogenetic potential. Initial comparisons (Taberlet et al” 1991; Gielly and Taberlet, 
1994: Gielly and Taberlet, 1996) suggest that regions may evolve at rates similar to 
that of rbcL to as much as three times faster than rbcL, which is the preferred gene 
for inferring phylogeny at the family level and above. Universal PCR primers 
situated in conserved regions of the tRNA genes for amplifying each of these regions 
was published early (Taberlet et al.’ 1991) and were demonstrated amplification in 
land plants ranging from bryophytes to pteridophytes, gymnosperms, and 
angiosperms. Because of the near-universal 
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Table 3.10. Primers used in PGR for amplifying specific regions. 
Primer Direction Primer sequence Region amplified 
psbA Forward 5'- GTTATGCATGAACGTAATGCTC -3， pshA-trnH spacer 
trnHlR Reverse 5，-CGCGCATGGTGGATTCACAATCC-3’ psbA-trnH spacer 
TabC Forward 5，- CGAAATCGGTAGACGCTACG -3' trnL intron 
TabD Reverse 5'- GGGGATAGAGGGACTTGAAC -3’ trnL intron 
TabE Forward 5'- GGTTCAAGTCCCTCTATCCC-3‘ trnL-trnF spacer 
TabF Reverse 5'- A111GAACTGGTGACACGAG -3' trnL-trnF spacer 
sol-18d Forward 5’- GAGGAAGGAGAAGTCGTAACAAG -3’ ITS-1 
sol-58c Reverse 5'- TGCGTTCAAAGACTCGATGGTTC -3' ITS-1 
sol-58d Forward 5'- GAACCATCGAGTCTTTGAACGCA -3' ITS-2 
sol-28cc Reverse 5，- GGTAGTCCCGCCTGACCTGG -3' ITS-2 
18D Forward 5 '-C AC ACCGCCCGTCGCTCCTACCGA -3’ ITS-1 
5.8C Reverse 5'- TTGCGTTCAAAGACTCGATG -3' ITS-1 
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nature of the primers and their early publication, these regions have become the most 
widely used noncoding cpDNA sequences in plant systematics. Usually these regions 
are employed in phylogenetic studies of closely related species or genera. 
The trnL intron and trnL-trnF intergenic spacer are relatively small, with the 
trnL intron ranging from 350-600 bp and the trnL-trnF spacer ranging from roughly 
120 to 350 bp in the monocots and dicots initially sampled (Soltis and Soltis, 1998). 
Although the trnL intron is usually larger than the trnL-trnF intergenic spacer, the 
number of parsimony-informative characters in the trnL-trnF spacer is often greater 
than or equal to the tmL intron, revealed in studies where both the trnL intron and the 
trnL-trnF spacer have been sequenced for a common set of taxa (Shaw et al., 2005). 
3.2.3.3. ITS region 
For plant molecular systematic investigations at the specific and generic levels, 
the internal transcribed spacer (ITS) region of the nuclear ribosomal cistron 
(18S-5.8S-26S) is the most commonly sequenced locus in angiosperms (Baldwin et 
al, 1995). 
The ITS regions are easily amplified in most angiosperms. The total length of 
the ITS regions, plus the intervening 5.8S gene, is fairly short and relatively uniform 
(600-700 bp) across angiosperms (Soltis and Soltis, 1998). The PGR primers of ITS 
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region represent highly conserved flanking sequences from the rRNA genes. In 
addition, ITS region can be amplified in two smaller fragments (ITS-1 and ITS-2) 
adjoining the 5.8S locus, which has proven especially useful for degraded samples. 
However, the PGR and sequencing primers widely used for ITS region that 
initially described by White et al (1990) for fungi may cause DNA contamination of 
fungi. In these cases the design of plant-specific primer is needed. In this study, 
primers soll-8d, sol-58c, sol-58d, and sol-28cc were employed for the ITS 
amplification of Isodon herbs. These primers were designed by my colleague Li 
Ming from ITS conserved fragments of Solanaceae. 
3.2.4. Agarose gel electrophoresis 
Agarose gel electrophoresis was performed to visualize the total DNA extracted 
and the PGR product. Agarose gel 1% and 2% (w/v) were used to analysis DNA 
extract and PGR product, respectively. The protocols were as follows: 
a. Dissolve agarose^ powder 1 g or 2 g in per 100 ml TAE buffer by applying 
heat. 
b. Add 0.5 ng/ml Ethidium Bromide (EB) and pour the solution into a gel cassette. 
Wait for the solution to be cooled and solidified. 
c. Put the solidified gel in a gel tank filled with 1 x TAE buffer^. 
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d. Mix DNA extracts or PGR products with 6x loading dye to a final 
concentration of 1 x. 
e. Load the mixture and lOObp DNA markers to the wells of the gel. 
f. Perform electrophoresis at 120 V for 20-40 min using BioRad PowerPac 3000. 
g. Examine the gel under UV illumination using UVPUV Transilluminator Model 
M-15E. 
h. Take gel photos by BioRad Gel Documentation system 1000. 
i. For PGR products, sharp bands representing the specific PGR products were cut 
from the gel using a clean, sharp scalpel for DNA recovery. 
Notes 
1. Agarose: separation >500 bp, Genetic Performance Certified™, Ultrapure, MB 
Grade, USB Corporation. 
2. Ix TAE buffer: 40 mM Tris-HCl, 40 mM Acetic acid, 2 mM EDTA， 
autoclaved. 
3.2.5. Purification of PCR product 
PGR product of specific fragment was purified from the PCR reaction mixture 
by spin method of the Gel-M™ Gel Extraction System (Cat # EG1002) from 
Viogene-Biotek Corporation. The steps were as follows: 
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1. Put the gel slices into a 1.5 ml microcentrifuge tube and add 0.5 ml of GEX 
buffer. 
2. Heat the mixture at 60°C in a heat block until the gel slices is completely 
dissolved. Cool the mixture to room temperature. 
nrxyf 
3. Add 0.7 ml of dissolved gel mixture into the Gel-M column placed on a 
collection tube. 
4. Centrifuge at 13,400 rpm for 1 min and discard the flow-through. 
5. Add 0.5 ml of WF buffer and centrifuge at 13,400 rpm for 1 min. Discard the 
flow-through. 
6. Add 0.7 ml of WS buffer and centrifuge at 13,400 rpm for 1 min. Discard the 
flow-through. 
7. Perform an additional 13,400 rpm centrifugation for 3 min to dry the 
membrane. 
8. Place the column onto a new 1.5 ml microcentrifuge and add 25 |li1 distilled 
water to the membrane. Stand for 5 min. 
9. Centrifuge at 13，400 rpm for 3 min to elute the DNA. 
10. Store the DNA elute in -20°C for further use. 
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3.2.6. Cloning 
Fragments of psbA-trnH intergenic spacer and trnL-trnF regions were 
sequenced directly. However, purified PGR products of ITS region from gene clean 
step were cloned before sequencing, as ITS regions were multiple copies in this 
study. 
3.2.6.1. Ligation 
Ligation was performed using commercial ligation kit pGEM®-T Easy Vector 
System I (Cat # A1360) from Promega Corporation. The procedures were modified 
from the manufacturer's protocol. For each ligation reaction a mixture of 5 \i\ 
solution was contained, including 2.5 \i\ 2x rapid ligation buffer, 0.25 |il pGEM®-T 
vectors, 0.5 |xl T4 DNA ligase and 1.75 \i\ purified PGR product. The mixture was 
incubated at 25°C for 2 hours. 
3.2.6.2. Transformation 
After incubation, all the 5 i^l ligation mixture was added to 200 i^l Escherichia 
coli DH5a competent cells which were stored at -80°C and thawed in ice bath before 
use. The mixture was then put in ice bath for 30 min. Heat shock was performed by 
incubating the mixture at 42°C for exactly 2，and the mixture was immediately put in 
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ice for 2 min. After that, 100 |il of LB (LB broth, Ultrapure, USB Corporation) 
pre-heated at 37°C was added to the mixture. Cells were then incubated for 30 min at 
37°C for recovery. 50 of 2% X-gal and 5^1 of 0.4M IPTG were mixed with the 
competent cells and the cells were then spread on a LB A (50 ng/ml ampicillin added) 
plate. The plate was incubated at 37�C for 16 hours. 
3.2.6.3. Cell cultivation 
Four white colonies were picked from each of the LBA plate. Each colony was 
placed in a sterile 1.5 ml microcentrifuge tube with 1.0 ml LB and 50 jig/ml 
ampicillin added. All the tubes were placed in a shaker at 250 rpm and 37°C for 16 
hours. 
3.2.6.4. Plasmid extraction 
Plasmids from the cultured competent cells were extracted using the spin 
method of Mini-M'^'^ Plasmid DNA Extraction System (Cat # GF1002) from 
Viogene-Biotek Corporation. The procedures of the manufacturer's protocol were as 
follows: 
1. Centrifuge the cultured cells at 13,400 rpm for 5 min and discard the 
supernatant. 
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2. Add 250 |il of MXl buffer to the cell pellet and resuspend by vortexing. 
3. Add 250 |il of MX2 buffer and gently invert several times. 
4. Incubate the mixture at room temperature for 5 min. 
5. Add 350 |il of MX3 buffer and mix immediately. 
6. Centrifuge at 13,400 rpm for 10 min and transfer the supernatant into the 
Mini-M column placed on a collection tube. 
7. Centrifuge at 13,400 rpm for 1 min and discard the flow-through. 
8. Add 0.5 ml of WF buffer and centrifuge at 13,400 rpm for 1 min. Discard the 
flow-through. 
9. Add 0.7 ml of WS buffer and centrifuge at 13,400 rpm for 1 min. Discard the 
flow-through. 
10. Perform an additional centrifugation at 13,400 rpm for 3 min to dry the 
membrane. 
11. Place the column onto a new 1.5 ml microcentrifuge and add 40 \i[ distilled 
water to the membrane. Stand at room temperature for 5 min. 
12. Centrifiige at 13,400 rpm for 3 min to elute the plasmids. 
13. Store at -20°C. 
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3.2.6.5. Insert confirmation 
Insert confirmation for the extracted plasmid was done by restriction digestion. 
The 5 |j,l restriction digestion mixture included 1 |il of sterile distilled water, 0.5 \l\ of 
lOxH Buffer (Amersham Pharmacia Biotech. Cat # E1040Y)，0.5 of EcoRl 
(Amersham Pharmacia Biotech. Cat # E1040Y) and 3 |il of plasmid. The reaction 
mixture was incubated at 37°C for 1 hour. The results were analyzed by gel 
electrophoresis using 2% agarose gel. 
3.2.7. DNA sequencing 
3.2.7.1. Cycle sequencing 
Cycle sequencing was performed using BigDye® Terminator v3.1 Cycle 
Sequencing Kit (Cat # 4336917) from Applied Biosystems. The cycle sequencing 
reaction mixture included 1 2x sequencing buffer, 2 i^l Big Dye reaction mix, 5-20 
ng of purified PGR product, 1 |xl 2 fiM sequencing primers and sterile distilled water 
adding up to a final volume of 10 |xl. For direct sequencing of PGR products, 
sequencing primers were the same as PGR primers listed in Table 3.11. For 
sequencing plasmids, universal primers XT-promoter (5'- TAATA CGACT CACTA 
TAGGG -3，）and Sp6-promoter (5'- ATTTA GGTGA CACTA TAGAA T -3') were 




2. 96°C for 10 sec 
3. 50°C for 5 sec 
4. 60�Cfor4min 
5. repeat steps 2-4 for 24 cycles 
6. 4°C forever (temporary storage) 
3.2.7.2. Purification of cycle sequencing product 
For each reaction mixture, 1 i^l of 3 M NaOAc (pH 5.2) and 25 \i\ of 95% 
ethanol were added and placed in -20�C for 10 min. The mixture was centrifuged at 
13,400 rpm for 15 min. The supernatant was removed carefully, and 180 \i\ of 75% 
ethanol was added and mixed by vortexing. The mixture was then centrifuged at 
13,400 rpm for another 5 min and the supernatant was removed as much as possible. 
The pellet was air dried by heat block at 60°C and stored in -20°C. 
3.2.7.3. DNA analysis 
The purified cycle sequencing product was dissolved in 13 \i\ of 
Hi-diformamide (Cat # 4311320) from Applied Biosystems. It was then loaded into a 
96-well sequencing plate. The plate incubated at 95�C for 2 min and put in ice bath 
immediately. DNA analysis was performed by using ABI prism 3100 Genetic 
50 
Analyzer of Applied Biosystems. 
3.2.8. Sequence analysis and phylogeny construction 
The sequencing results were translated into readable DNA sequence by the ABI 
sequencing analyzer program. They were analyzed by the software Chromas of 
Technelysium Pty Ltd. 
Preliminary nucleotide alignments were obtained using the default alignment 
parameters in ClustalX 1.83 (Thompson et al, 1997). Gap characters, whose 
inclusion often affects the inferred tree topology and increases branch-support values 
(Simmons et al.’ 2001), were scored using modified complex coding (Simmons and 
Ochoterena, 2000; Mtiller, 2006). This step was performed by the Seqstate software. 
Equally weighted parsimony tree searches were conducted for each data matrix 
using 1,000 tree-bisection-reconnection (TBR) searches in PAUP * 4.0b 10 (Swofford, 
2001). Parsimony jackknife (JK) analyses (Farris et al., 1996) were conducted using 
PAUP* with the removal probability set to approximately e_i (36.7879%), and "jac" 
resampling emulated. One-thousand replicates were performed with ten TBR 
searches per replicate and a maximum of 100 trees held per replicate. Trees were 
rooted using different outgroup for each data matrix. 
51 
Chapter 4. Tu Si Zi (Dodder Seeds) - Results and 
Discussion 
4.1. Results 
Total plant DNA was successfully extracted from the dodder seeds or stem and 
flower parts of each sample as listed in Chapter 3 (Tables 3.1 and 3.2). Two 
chloroplast DNA regions, psbA-trnH intergenic spacer and trnL-trnF (both trnL 
intron and trnL-trnF intergenic spacer) region were amplified successfully for all 
samples listed in Tables 3.1 and 3.2. These amplified DNA fragments were then 
sequenced and used for DNA analysis. 
4.1.1. Dendrogram constructed using psbA-trnH intergenic spacer 
The psbA-trnH intergenic spacer of all 54 samples listed in Tables 3.1 and 3.2, 
was successfully amplified and sequenced. The sequences were 167-186 bp in length. 
Together with three sequences of psbA-trnH obtained in the NCBI GenBank (Table 
3.3), all the 57 sequences were aligned for further analysis. Appendix 1 listed the 
aligned sequences of all the samples. 
Gaps are incorporated into various sequences by ClustalX after alignment, the 
gaps were then coded using modified complex coding method (Simmons and 
52 
Ochoterena, 2000; Miiller, 2006) in the Seqstate software. A total of 11 coded gaps 
were added to the end of the aligned sequences. In all these 248 characters used for 
dendrogram construction, 147 characters were constant; 29 variable characters were 
parsimony-uninformative; and 72 characters were parsimony-informative. 
Ipomoea purpurea and Convolvulus floridus were selected as outgroups in the 
dendrogram.,^o/woea purpurea was selected as an outgroup in the dendrogram 
constructed by PAUP * 4.0bl0 (Swofford, 2001). 
A dendrogram (Fig. 4.1.) was constructed using psbA-trnH region by the 
maximum parsimony method, with the Jackknife replicating 1000 times. 
4.1.2. Dendrogram constructed using trnL-trnF region 
The trnL intron and trnL-trnF intergenic spacer of 54 samples listed in Tables 
3.1 and 3.2, was successfully amplified and sequenced. The region ranges from 
465-827 bp in length, varied significantly with species. Together with three 
sequences of trnL-trnF downloaded in the NCBI GenBank (Table 3.3.), all the 57 
sequences were aligned for further analysis. 
A total of 16 characters of gap codes were added by modified complex coding 
method. Of all these characters, 635 characters were constant; 22 variable characters 
were parsimony-iminformative; and 239 characters were parsimony-informative. 
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Ipomoea purpurea and Convolvulus sagittatus are species in the family 
Convolvulaceae. In this study, the trnL-trnF regions of these two species were used 
as outgroups for constructing dendrogram. Ipomoea purpurea was selected as an 
outgroup in the dendrogram constructed by PAUP • 4.0b 10 (Swofford, 2001). 
A dendrogram (Fig. 4.2) was constructed using trnL-trnF region by the 
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Figure 4.1. Dendogram constructed using psbA-trnH intergenic spacer sequences of 
dodder samples by maximum parsimony method. Black bars on the right present 
different Cuscuta species: C. australis, C. campestris, C. chinensis, C. japonica, and 
C. reflexa. The numbers on the branches represent jackknife values. The 
abbreviations following the species name are sample codes. Details of samples are 
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Figure 4.2. Dendrogram constructed using trnL-trnF region (both trnL intron and 
trnL-trnF intergenic spacer) sequences of dodder samples by maximum parsimony 
method. Black bars on the right represent different Cuscuta species: C. australis, C. 
campestris, C. chinensis’ C. japonica, and C. reflexa. The numbers on the branches 
represent jackknife values. The abbreviations following the species name are sample 
codes. Details of samples are presented in Tables 3.1-3.3. 
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4.1.3. Dendrogram constructed with the combination of psbA-trnH and 
trnL-trnF region 
A combined data set of the psbA-trnH intergenic spacer and tmL-tmF (both the 
trnL intron and trnL-trnF intergenic spacer included) was established. That was to 
add trnL-trnF sequence to the end of the same sample's psbA-trnH sequence. 
Finally, a total 57 sequences of 1089 bp in length were obtained after alignment. 
Then the gap characters were scored and the length increased to 1105, with the last 
16 characters to be gap codes. In all these characters, 787 characters were constant; 
32 variable characters were parsimony-uninformative; and 314 characters were 
parsimony-informative. 
The two sequences of Convolvulus species, psbA-trnH of Convolvulus floridus 
and trnL-trnF of Convolvulus sagittatus’ were added together, and labeled as 
Convolvulus sp. The combined sequences of Ipomoea purpurea and Convolvulus sp. 
were used as outgroups for dendrogram construction. In the tree constructed by 
PAUP * 4.0b 10 (Swofford, 2001), Ipomoea purpurea was selected as outgroup. 
A dendrogram (Fig. 4.3.) was constructed using the combined sequences of 
psbA-trnH spacer and trnL-trnF region by the maximum parsimony method, with the 
Jackknife replicates to be 1000 times. 
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4.2 Discussion 
4.2.1. Identification of DNA markers for Cuscuta species 
Our study showed that the two tested regions performed well as DNA markers 
for Cuscuta species. In Fig. 4.1. and 4.2., seven samples (HC5, HC7, HC8, Tl, T2, 
S2 and SI 4)，together with C. reflexa (the sequences of this species were downloaded 
from NCBI Genbank), could be easily distinguished into five different groups in the 
dendrogram. Each group is represented by one Cuscuta species. 
4.2.2. Molecular authentication of dodder seeds 
An authentic sample of C. chinensis (T2) was used in this study. However, in 
all the 47 TCM materials, only one sample HB05 from Hebei clustered with T2. 
That means only this sample HB05 was derived from C. chinensis and thus genuine. 
All others were substitutes or adulterants. 
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Figure 4.3. Dendrogram constructed using the combined sequences of dodder 
psbA-trnH intergenic spacer and trnL-trnF region (both trnL intron and trnL-trnF 
intergenic spacer included) by maximum parsimony method. Black bars on the right 
represent different Cuscuta species: C. australis, C. campestris, C. chinensis, C. 
japonica, and C. reflexa. The numbers on the branches represent jackknife values. 
The abbreviations following the species name are sample codes. Details of samples 
are presented in Tables 3.1-3.3. 
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In this study, two authentic samples of Cuscuta australis (HC5 and S2) were 
collected and analyzed. As showed in Fig.4.1-4.2, 35 of the 47 herb samples 
clustered with HC5 and S2, indicating that the source plant of them was Cuscuta 
australis. This result was observed in both the trees constructed with psbA-trnH 
region and trnL-F region. A combined analysis of the two regions also supported this 
conclusion (Fig. 4.3). This substitute of dodder seeds was widely used in different 
areas and provinces of China, including Beijing, Guangdong, Guangxi, Hebei, Henan, 
Hunan, Jiangsu, Jilin, Neimeng, Ningxia, Sichuan, Tianjin, Yunnan, Zhejiang, and 
Hong Kong. 
In this study, nine of the 47 herb samples were larger in size. The dendrograms 
constructed using DNA sequences revealed that they were in the same group with 
SI4，the authentic sample of C japonica. This investigation also revealed that seeds 
of C. japonica are mostly used as dodder seeds in Sichuan (5 samples), Yunnan (2 
samples), Hebei (1 samples), and Jiangsu (1 sample). 
Cuscuta campestris is not used in the traditional Chinese medicine. 
Investigation of the 47 TCM dodder samples indicated that two samples, CI 1 and 
HNOl, were from Cuscuta campestris (comparing Cl l and HNOl with the three 
authentic samples Tl，HC7，and HC8 in Fig. 4.14.3.). So these two samples were 
adulterants. Cl l and HNOl were collected from Hunan and Yunnan, respectively. 
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Chapter 5. Isodon herbs - Results and Discussion 
5.1. Results 
The total DNA of 15 TCM materials (Tab. 3.4.) and 11 herbarium specimens 
(Tab. 3.6.) were successfully extracted. Internal transcribed spacer 1 and 2 (ITS-1 
and ITS-2) regions were amplified from the DNA extracts, and also from the Kew 
DNA (Tab. 3.5.). Finally the amplified fragments were sequenced and then used in 
further analysis. 
5.1.1. Dendrogram constructed with internal transcribed spacer 1 
A total of 30 ITS-1 sequences were obtained, including 28 sequences from the 
samples listed in Tab. 3.4-3.6 and 2 sequences downloaded from NCBI database 
(Tab. 3.7). 
All the 30 sequences were aligned, and the total length of the sequences was 
321 bp. After the gap characters were scored, the length increased to 330，with the 
last 9 characters to be gap codes. In all these characters, 194 characters were constant; 
72 variable characters were parsimony-uninformative; and 64 characters were 
parsimony-informative. 
Two species of other genera in the family Lamiaceae, Nepeta glomerulosa and 
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Hyptis alata were employed in this study as outgroups. In the tree construction by 
PAUP*4.0bl0, Nepeta glomerulosa was selected as an outgroup. 
A dendrogram (Fig. 5.1.) was constructed using ITS-1 region by the maximum 
parsimony method, with the jackknife replicates to be 1000. 
5.1.2. Dendrogram established with internal transcribed spacer 2 
A total of 30 ITS-2 sequences were obtained, including 28 sequences from the 
samples listed in Tab. 3.4-3.6 and two sequences downloaded from NCBI database 
(Tab. 3.7). 
All the 30 sequences were aligned, and the total length of the sequences was 
291 bp. After the gap characters scored, the length increased to 306，with the last 15 
characters to be gap codes. In all these characters, 157 characters were constant; 55 
variable characters were parsimony-iminformative; and 94 characters were 
parsimony-informative. 
ITS-2 regions of Nepeta glomerulosa and Hyptis alata were employed in this 
study as outgroups. And in the tree construction by PAUP*4.0bl0, Nepeta 
glomerulosa was selected as an outgroup. 
A dendrogram (Fig. 5.2.) was constructed using ITS-2 region by the maximum 
parsimony method, with the jackknife replicates to be 1000. 
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5.1.3. Dendrogram established with the whole internal transcribed spacer region 
A combined data set of the whole ITS region (ITS-1 and ITS-2) was established. 
Thus, a total 30 sequences of 612 bp in length were obtained after alignment. After 
the gap characters scored, the length increased to 634, with the last 22 characters to 
be gap codes. In all these characters, 351 characters were constant; 126 variable 
characters were parsimony-uninformative; and 157 characters were 
parsimony-informative. 
The entire ITS regions of Nepeta glomerulosa and Hyptis alata were employed 
in this study as outgroups. And in the tree construction by PAUP*4.0bl0, Nepeta 
glomerulosa was selected as an outgroup. 
A dendrogram (Fig. 5.3) was established using ITS region by the maximum 
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Figure 5.1. Dendrogram established with the internal transcribed spacer 1 of Isodon 
herbal materials and specimens by the maximum parsimony method. The jackknife 
replicate is 1000. The numbers above the branch are jackknife frequencies. The 
cut-off value of jackknife frequency is 50%. The white rectangles represent TCM 
materials of Xi Huang Cao. The black bar represents TCM materials of Dong Ling 
Cao. The details for samples were listed in Tab. 3.4-3.7. 
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Figure 5.2. Dendrogram established with the internal transcribed spacer 2 of Isodon 
herbal materials and specimens by the maximum parsimony method. The jackknife 
replicate is 1000. The numbers above the branch are jackknife frequencies. The 
cut-off value of jackknife frequency is 50%. The white rectangles represent TCM 
materials of Xi Huang Cao. The black bar represents TCM materials of Dong Ling 
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Figure 5.3. Phylogram established with the whole internal transcribed spacer (ITS-1 
and ITS-2) of Isodon herbal materials and specimens by the maximum parsimony 
method. The jackknife replicate is 1000. The numbers above the branch are jackknife 
frequencies. The cut-off value of jackknife frequency is 50%. The white rectangles 
represent TCM materials of Xi Huang Cao. The black bar represents TCM materials 
of Dong Ling Cao. The details for samples were listed in Tab. 3.4-3.7. 
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5.2. Discussion 
5.2.1. ITS region performing as DNA marker for Dong Ling Cao 
In this study, two standard samples of Isodon rubescens, were collected. 
Sample R1 was obtained from the Good Agricultural Practice (GAP) field in Jiyuan, 
Henan province. Sample R2 was provided by Prof. Handong Sun as reference 
standard samples from Hebi, Henan. 
As shown in the three different dendrograms (Fig. 5.1-5.3), the four Dong Ling 
Cao samples clustered together with the two I. rubescens samples, indicating that the 
herb samples matched with I. rubescens. Thus the ITS sequences obtained in this 
study could be used as molecular markers for the identification of the herb Dong 
Ling Cao. 
5.2.2. The identify of TCM materials of Xi Huang Cao 
The source plant of herb Xi Huang Cao is I. lophanthoides (Wu, 1988; Xie and 
Yu，1996). In this study, two herbarium specimens of this species were collected 
from the Harvard University Herbarium and the Medicinal Garden of the Chinese 
University of Hong Kong. Besides, an additional TCM material of standard Xi 
Huang Cao (L2) was collected from an herbal production base in Qingyuan, 
Guangdong. Dendroograms established with the three regions (Fig. 5.1-5.3) 
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confirmed that they shared the same source species. However, none of the other 8 
TCM materials collected from the herbal market clustered with these three standard 
samples, indicating that I. lophanthoides is not the predominant source of Xi Huang 
Cao in the market. 
As revealed in Fig. 5.2-5.3, most of the Xi Huang Cao herbs (LI, L3, L5, L6, 
L7, and LIO) clustered together with a specimen sample, and they seemed to be the 
same species. Preliminary authentication by morphological .characters identified this 
specimen to be I. coetsa. However, there existed another 1. coetsa samples obtained 
from Kew DNA database. And these two /. coetsa samples presented in different 
clades in the phylogenetic trees. Thus conflicts appeared between these two I. coetsa 
samples. It was difficult to confirm whether this group of Xi Huang Cao herbs was I. 
coetsa. 
Besides, there were still two TCM materials of Xi Huang Cao (L8 and L9) that 
are not matching with a known species. These samples are confirmed to be 
adulterants and the source species were unknown. 
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Chapter 6. Fagaropsis and Luvunga - Results and 
Discussion 
6.1. Results 
Total DNA was successfully extracted from leaf fragments of the two 
herbarium specimens, Fagaropsis glabra Capuron and Luvunga scandens Roxb. Two 
DNA regions, one chloroplast region trnL-trnF (including trnL intron and trnL-trnF 
intergenic spacer) and one nuclear region ITS-1, were amplified using PGR 
procedure. Then the sequences of trnL-trnF and ITS-1 regions for the two species 
were obtained. Together with the sequences generated by Poon Wing Sem of our 
laboratory for her Master of Philosophy thesis (Poon 2005) and deposited in NCBI 
database (Table 3.8), phylogenetic trees were constructed to confirm the relationship 
of these two genera in the family of Rutaceae. 
* Part of the results in this Chapter has been accepted for publication and will appear 
in issue four, volume 54 of Taiwania in 2009. 
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6.1.1. Phylogenetic tree constructed with internal transcribed spacer 1 
The ITS-1 region of the two samples were amplified and sequenced. A total of 
50 ITS-1 sequences were aligned, with the length of 471 bp. After the gap characters 
were scored, the length increased to 498，with the last 27 characters to be gap codes. 
In all these characters, 278 characters were constant; 37 variable characters were 
parsimony-uninforaiative, and the number of parsimony-informative characters was 
183. 
Two species of Acer capillipes (Aceraceae) and Melia azedarach (Meliceae) 
were used as outgroups in this study to construct a rooted phylogram. In the tree 
construction of PAUP* 4.0b 10，one of them, Acer capillipes was selected as 
outgroup. 
A phylogram (Fig. 6.1.) was constructed using sequences of ITS-1 by the 
maximum parsimony method. The jackknife replicates was 1000. 
6.1.2. Phylogenetic tree constructed with trnL-trnF region 
The trnL-trnF region of the two samples of Fagaropsis and Luvunga were 
amplified and sequenced. A total of 50 sequences were aligned. After the gap 
characters were scored, the length increased from 424 to 444, with the last 20 
characters as gap codes. In all these characters, 254 characters were constant; 74 
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variable characters were parsimony-uninformative, and the number of 
parsimony-informative characters was 116. 
In the tree construction of PAUP* 4.0b 10，Acer capillipes was selected as 
outgroup. 
A phylogram (Fig. 6.2.) was constructed using sequences of trnL-trnF region 
by the maximum parsimony method. The jackknife replicates was 1000. 
6.1.3. Phylogenetic tree constructed with combined of trnL-trnF region and 
ITS-1 region 
A combined data set of the ITS-1 and trnL-trnF (both the trnL intron and 
trnL-trnF intergenic spacer included) was established. That was to add ITS-1 
sequence to the end of the same sample's trnL-trnF sequence. 
Finally, a total 50 sequences of 897 bp in length were obtained after alignment. 
After the gap characters were scored, the length increased to 938，with the last 41 
characters as gap codes. In all these characters, 549 characters were constant; 100 
variable characters were parsimony-uninformative, and 289 characters were 
parsimony-informative. 
The combined sequences of Acer capillipes (Aceraceae) and Melia azedarach 
(Meliceae) were used as outgroups while constructing phylogenetic trees. In the tree 
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construction by PAUP • 4.0b 10 (Swofford, 2001)，Acer capillipes was selected as 
outgroup. 
Phylogram (Fig. 6.3.) was constructed using the combined sequences of 
trnL-trnF region and ITS-1 by the maximum parsimony method, with the jackknife 
replicates to be 1000. 
6.1.4. The location of Fagaropsis and Luvunga in 3 different phylogenetic trees 
After the comparison of three phylogenetic trees (Fig. 6.1-6.3.) constructed in 
this study, it became clear that the two genera located similarly in different trees. 
Fagaropsis glabra .always clustered .with the other four genera in the 
'proto-Rutaceae' group, namely Phellodendron, Tetradium, Toddalia，and 







































































































































































































































































































































































































































































































































































































































































































Figure 6.1. Phylogram constructed by maximum parsimony method using internal 
transcribed spacer 1 sequences of Fagaropsis glabra, Luvunga scandens and other 
species of Rutaceae and closely related families. Samples were listed in Tables 



















































































































































































































































































































































































































































































































































































































































Figure 6.2. Phylogram constructed by maximum parsimony method using trnL-trnF 
sequences (including trnL intron and trnL-trnF intergenic spacer) of Fagaropsis 
glabra, Luvunga scandens and other species of Rutaceae and closely related families. 
Samples were listed in Tables 3.8-3.9. 1000 replicates of jackknife were tested. 
























































































































































































































































































































































































































































































































































































































































































































Figure 6.3. Phylogram constructed by maximum parsimony method using the 
combined sequences of trnL-trnF region (including trnL intron and trnL-trnF 
intergenic spacer) and ITS-1 of Fagaropsis glabra, Luvunga scandens and other 
species of Rutaceae and closely related families. Samples were listed in Tables 




6.2.1. Fagaropsis - a member of the Troto-Rutaceae* group 
In Engler's (1931) classification, the genera Fagaropsis, Phellodendron, 
Tetradium, Toddalia, and Zanthoxylum were divided in two subfamilies: Fagaropsis, 
Tetradium, and Zanthoxylum in Rutoideae; Phellodendron and Toddalia in 
Toddalioideae. However, Hartley (1981) indicated that Tetradium (Rutoideae) and 
Phellodendron (Toddalioideae) were closely related, so close that it was impossible 
to distinguish them using vegetative or staminate materials. He also suggested that 
Zanthoxylum (Rutoideae), Tetradium (Rutoideae), and Phellodendron (Toddalioideae) 
to be related to one another in a linear sequence. 
Meanwhile, biochemical studies also disagreed with Engler's (1931) 
classification. Waterman (1975) and Waterman and Khalid (1981) reported that 
genera Zanthoxylum (Rutoideae), Fagaropsis (Rutoideae), Phellodendron 
(Toddalioideae) and Toddalia (Toddalioideae) have retained the primitive 
1 -benzyltetrahydroisoquinoline (1-BTIQ) alkaloid pathway and produce 1-BTIQ 
alkaloids. Based on the biochemical evidence, they proposed to place these four 
genera in a 'proto-Rutaceae' group. Tetradium was later added to this group (Ng et al. 
1987a,b; Quader et al , 1990). 
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In this study, three trees constructed by ITSl, tmL-F, and the combination of 
this two regions provided the same evidence that Fagaropsis, Phellodendron, 
Tetradium, Toddalia’ and Zanthoxylum clustered together, further confirming that 
Fagaropsis belongs to the group of "proto-Rutaceae". 
Figure 6.3 also suggests that the African genus Fagaropsis is closer to the East 
Asian Phellodendron and Tetradium than to the more widespread Toddalia and 
Zanthoxylum which are distributed both in Asia and Africa. This is not surprising as 
fossil records revealed that Fagaropsis, Tetradium^ Toddalia and Zanthoxylum were 
found in Europe in the Eocene (Gregor, 1989). Such a relationship is further 
supported by the occurrence of limonoids in Fagaropsis，Tetradium and 
Phellodendron but not in Toddalia and Zanthoxylum (Waterman, 1983, 2007). 
6.2.2. Luvunga 一 a member of Aurantioideae 
Luvunga is in the subfamily Aurantioideae (also named Citroideae) by Engler's 
(1931) classification. However, a recent report (Chase et al, 1999) studying the 
phylogenetic relationships of Rutaceae reported different results from Engler's. All 
genera of Aurantioideae investigated formed a strongly supported clade by molecular 
phylogenetic method, except Luvunga. Although at the end of the report the authors 
noted that the Luvunga sample used was actually a species of Zanthoxylum after 
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further critical evaluation of the voucher specimen, so far, no further clarification 
of the alliance of Luvunga with molecular data has been made; but Thome (2000) 
and Thome and Reveal (2007) went ahead to place this genus in Rutoideae. 
In this study, Luvunga clustered together with two Citrus species. Because the 
genus Citrus belongs to the subfamily Aurantioideae, this study provided molecular 
phylogenetic evidence that Luvunga is actually a member of Aurantioideae. This 
alliance is also confirmed recently by Bayer et al. (2009), who further suggested its 
relationship with Paramignya and Pamburus in the Triphasiinae. 
6.2.3. DNA sequencing providing a useful methodology in plant phylogenetic 
studies 
In plant phylogenetic studies, traditional methods relied on morphological, 
histological and biochemical characteristics. However, controversial conclusions 
always exited. The classification of seven subfamilies of Rutaceae could be an 
obvious example. Scientists made different conclusions by emphasizing different 
phenotypic characteristics. By relying on fruit types as a priori character for 
subfamily divisions, Engler (1931) proposed seven subfamilies. Detailed 
morpholotical comparison by Hartley (1981，2001)，however, made substantial 
improvements. 
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In this study, proper use of DNA sequencing method could provide more 
evidences for interpreting phylogenetic relationship in Rutaceae, particularly with 
reference to Fagaropsis and Luvunga. An additional observation from the 
phylogenetic trees is that Orixa Thimb., which is commonly placed near 
Zanthoxylum (Huang, 1997), is found clustering nearby Skimmia Thunb. and away 
from the proto-Rutaceae group. This relationship is also observed in a recent analysis 
by Salvo et al. (2008). A combination of morphological,, chemical and molecular 
approaches will provide more conclusive recommendations. 
88 
Chapter 7. Conclusions 
This project aimed to authenticate three Chinese medicines sold in the herbal 
market of mainland China and Hong Kong. These traditional Chinese medicines 
included Tu Si Zi (dodder seeds, Semen Cuscutae), Dong Ling Cao (Herba 
Rabdosiae Rubescentis) and Xi Huang Cao (Herba Rabdosiae Lophanthoidis). 
Nuclear and chloroplast sequences were used as molecular markers to identity the 
source species of the genuine samples, the substitutes and the adulterants. 
The results showed that only one herb sample of Tu Si Zi and none herb 
samples of Xi Huang Cao on the market matched with the specified source species in 
the P.R.C. Pharmacopoeia. This reflects either the weakness in the management of 
herbal material in mainland China or the P.R.C. Pharmacopoeia just does not reflect 
the real situation. Our study clearly demonstrated that molecular approaches can help 
monitor the herbal market and clearly identify the samples to species level. 
Besides, by the dendrograms constructed with the specific regions analyzed, 
systematic information were obtained to identify the classification of existed taxa. In 
this study, the relationship of Fagaropsis and Luvunga in Rutaceae were determined 
by the molecular approach. 
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Appendix 1. Sequence alignment of psbA-trnH 





































































ACAACTTTCC TTTAGATCTA GCCACTTTTG AAGTTTCAGC 
ACAACTTTCC TTTAGATCTA GCCACmTG AAGTTTCAGC 
35 45 55 65 
AAGTTCCAGC TACAAATACA TA AGA TAAGGATTAG 丨 
AAGTTCCAGC TACAAATACA TA AGA TAAGGATTAG 彳 
AAGTTTCAGC TACAAACGCG TAAGATGAGA TAACGAHAG 
.1•…丨....I....I .".I•…I 
75 85 95 
-——TCG TATTCTAAAG GA TGA 
——TCG TATTCTAAAG GA TGA 
—GGTCT TATTATCAAA AA TGA 
AAGTTTCAGC TACAAACGCG TAAGATGAGA TAAGGATTAG A_——GGTCT TATTATCAAA AA TGA 
AAGTTTCAGC TACAAACGCG TAAGATGAGA TAAGGATTAG A——GGTCT TATTATCAAA AA TGA 
TACAAACGCG TAAGATGAGA TAAGGATTAG A GGTCT TATTATCAAA AA TGA 
TACAAACGCG TAAGATGAGA TAAGGATTAG A----GGTCT TATTATCAAA AA TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA——TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA——TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
ACAACTTTCC TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
ACAACTTTCC TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
ACAACTTTCC TTTAGATCTA GCCACmTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA——TGA 
ACAACTTTCC imGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
ACAACTTTCC TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
ACAACTTTCC TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TTTAGATCTA GCCACnTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TCA 
TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 













TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TTTAGATCTA GCCACnTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA——TGA 
TTTAGATaA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
ACAACTTTCC TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
ACAACTTTCC TTTAGATaA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
ACAACTTTCC TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
ACAACTTTCC TTTAGATCTA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA TGA 
ACAACTTTCC TTTAGATCTA GCCACnTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GAnAGGTCC TATTATAAAA AA TGA 
ACAACTTTCC TTTAGATaA GCCACTTTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TAHATAAAA AA TGA 
ACAACTTTCC TTTAGATCTA GCCACnTTG AAGTTTCAGC TACAAATGCA TAAGATGAGA TAAGGATTAG GATTAGGTCC TATTATAAAA AA——TGA 
ACAACTTCCC TCTAGACCTA GCTGCTATTG AAGCTCCAGC TACAAATG GA TAAGAAT AGTGTATAG GAGTTTTTCA 
ACAACTTCCC TCTAGACCTA GCTGCTATTG AAGCTCCAGC TACAAATG GA TAAGAAT AGTGTATAG GAGTTTTTCA 
ACAACTTCCC TCTAGACCTA GCTGCTATTG AAGCTCCAGC TACAAATG GA TAAGAAT AGTGTATAG GAGTTTTTCA 
Convolvu1us_f1or idus 
IpoiiK)ea_purpurea 
ACAACTTCCC TCTAGACCTA GCTGCTATTG AAGCTCCAGC 
ACAACTTCCC TCTAGACCTA GCTGCTATTG AAGCTCCAGC 
ACAACTTCCC TCTAGACCTA GCTGCTATTG AAGCTCCAGC 
ACAACTTCCC TCTAGACCTA GCTGCTATTG AAGCTCCAGC 
ACAACTTCCC TCTAGACCTA GCTGCTATTG AAGCTCCAGC 
ACAACTTCCC TCTAGACCTA GCTGCTATTG AAGCTCCAGC 
ACAACTTCCC TCTAGACCTA GCTGCTATTG AAGCTCCAGC 
ACAACTTCCC TCTAGACCTA GCTGCTATTG AAGCTCCAGC 
ATAACTTCCC TCTAGACCTA GCTGCTATCG AAGCTCCATC 
ATAACTTCCC TCTAGACCTA GCTGCTATCG AAGCTCCATC 
-AGTGTATAG GAGTTTTrCA 
-AGTGTATAG GAGTmTCA 
TACAAATG GA TAAGAAT 
TACAAATG GA TAAGAAT 
TACAAATG GA TAAGAAT AGTGTATAG GAGTTTTTCA 
TACAAATG GA TAAGAAT 
TACAAATG GA TAAGAAT 
TACAAATG GA TAAGAAT 
TACAAATG GA TAAGAAT 
TACAAATG GA TAAGAATTCG G TGT 
TACAAATG GA TAAGGACTCG G TCT 

































































5 115 125 135 
-ACCG GAGCAA——T CCCAACTTTA TTTTAAGTAG 
-ACCG GAGCAA——T CCCAACTTTA TTTTAAGTAG 









































-ACTG GAGCAA—T CCTTGCTTT 
AAATAAATTG AA~AA 
AAATAAATTG AA~AA 












































—G CGGGATTGCA CCGGTmTT 






… T CCAGTTTTT- -CATTTTTTC -
——T ccAGnrn- - c m r n r c -
T CCAGTmr- "CATTTTTTC -
-—T ccAGTrrrT- -K;ATTTTTTC -
---T CCAGmTT- -CATTTTTTC • 
——T CCAGTTTTT- -CAmTTTC • 
——T CCAGTTTTT- "CATTTTTTC -
---T CCAGTmr- "CATTTTTTC . 
——T CCAGTTTTT- -CATTTTTTC 
——T CCAGTTTTT- -CATTTTTTC 
-——T ccAGrmr- -CATTTTTTC 
——T CCAGTmr- -CATTTTTTC 
T CCAGTTTTT- -CATTTTTTC 
-——T CCAGTTTTT- -CATTTTTTC 
-——T CCAGmTT- -CATTTTTTC 
-——T CCAGmTT- -CATTTTTTC 
AATTGC T CCAGmTT- -CATTTTTTC 
AAHGC T CCAGTTTTT- -CATTTTTTC 
TTTGGGnT-
AGGrmrc-
AATTGC T CCAGTTTTT- -CATTTTTTC 
•AATTGC T CCAGmTT- -CATTTnTC 
•AATTGC T CCAGTTTTT- -CATTTTTTC 
-AATTGC T CCAGmTT- -CATTTTTTC 
-AATTGC T CCAGTmr- -CATTTnTC 
-AATTGC T CCAGTTTTT- -CATTTTTTC 
-AATTGC T CCAGTTTTT- -CAmTTTC 
TCAGGCAG -AATTGC T CCAGTTTTT- -CAmTTTC 
•TCAGGCAG —AATTGC T CCAGmTT- -CATTTTTTC 
-TCAGGCAG -AATTGC T CCAGTTTTT- -CATTTnTC 
-TCAGGCAG —AATTGC T CCAGTTTTT- -CATTTnTC 
•TCAGGCAG —AATTGC T CCAGmTT- "CATTTTTTC 
-TCAGGCAG -AATTGC T CCAGmTT- -CATTTTTTC 
-TCAGGCAG -AATTGC T CCAGTTTTT- -CATTTnTC 
TCAGGCAG —AATTGC T CCAGTTTTT- -CATTTmc 
-TCAGGCAG -AATTGC T CCAGmTT- -CATTTTTTC 
-TCAGGCAG -AATTGC T CCAGmTT- -CATTTnTC 
-TCAGGCAG -AATTGC T CCAGmTT- -CATTTTTrC 
-TCAGGCAG -AATTGC T CCAGmTT- -CATTTmC 
'AAAGGAG -CAATAA CCGTATTG CTCCTTTTG TCATAGCATA 
AAAGGAG -CAATAA CCGTATTG——CTCCTTTTG TCATAGCATA 
CCGTATTG——CTCCTTTTG TCATAGCATA 
CCGTATTG——CTCCTTTTG TCATAGCATA 
CCGTATTG-- -CTCCTTTTG TCATAGCATA 
AAAGGAG -CAATAA CCGTATTG——CTCCTTTTG TCATAGCATA 
AAAGGAG -CAATAA CCGTATTG——CTCCTTTTG TCATAGCATA 
AAAGGAG -CAATAA CCGTATTG CTCCTTTTG TCATAGCATA 
AAAGGAG -CAATAA CCGTATTG——CTCCmTG TCATAGCATA 
AAAGGAG -CAATAA CCGTATTG——CTCCTTTTG TCATAGCATA 
'AAAGGAG -CAATAA CCATATTG——CTCCTTTTT AATTTGAAAT TCGTAGCATA 
"GAAATAAG TTAATAAAGA A GA GAATATTGAA TTTTTTATAG AATAATAGAC TAATTACATA 






































205 215 225 235 
-CnGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-GTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-nTGGGC-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 


















-TTTGGGG-C GGATGTAGCC AAGTGGATGA 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-rrTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-rrTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-nTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-ITTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-nTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-rrTGGGG-C GGATGTAGCC AAGTGGATGA AGGCAGT 
-TTTGGGG-C GGATGTAGCC AAGTGGATGA 
GTCTGGGG-C GGATGTAGCC AAGTGGATTA 
GTCTGGGG~C GGATGTAGCC AAGTGGATTA 
GTCTGGGG-C GGATGTAGCC AAGTGGATTA 
GTCTGGGG-C GGATGTAGCC AAGTGGATTA 
GTCTGGCG-C GGATGTAGCC AAGTGGATTA 
GTCTGGGG-C GGATGTAGCC AAGTGGATTA 
GTCTGGGG-C GGATGTAGCC AAGTGGATTA 
GTCTGGGG-C GGATGTAGCC AAGTGGATTA 











































Appendix 2. Sequence alignment of trnL-trnF region 












































35 45 55 65 75 85 95 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
TTGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
TTGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
TATTGAGCCT TTGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
GACTTAATTG TATTGAGCCT TTGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
GACTTAATTG TATTGAGCCT TTGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
GACTTAATTG TATTGAGCCT TTGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
GACTTAATTG TATTGAGCCT TTGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
GACTTAATTG TATTGAGCCT TTGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGGGCAAT CCTGAGCCAA 
GACTTAATTA GATTGAGCCT TGGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGG-CAAT CCTGAGCCAA 
GACTTAATTA GATTGAGCCT TGGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGG-CAAT CCTGAGCCAA 
GACTTAATTA GATTGAGCCT TGGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGG-CAAT CCTGAGCCAA 
GACTTAATTA GATTGAGCCT TGGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGG-CAAT CCTGAGCCAA 
GACTTAAnA GATTGAGCCT TGGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATTAATAAA AAGGG-CAAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATGAATACA AAGGG-CAAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGGTATGGAA ACTTACTAAG TGATCACTTT CAAATTCAGA GAAACCCTGG AATGAATACA AAGGG-CAAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGATATGGAA ACGTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AATTAAAAAG AAGGGGCGAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGATATGGAA ACGTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AATTAAAAAG AAGGGGCGAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGATATGGAA ACGTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AATTAAAAAG AAGGGGCGAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGATATGGAA ACGTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AATTAAAAAG AAGGGGCGAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGATATGGAA ACGTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AATTAAAAAG AAGGGGCGAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGATATGGAA ACGTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AATTAAAAAG AAGGGGCGAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGATATGGAA ACGTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AATTAAAAAG AAGGGGCGAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGATATGGAA ACGTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AATTAAAAAG AAGGGGCGAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGATATGGAA ACGTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AATTAAAAAG AAGGGGCGAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGATATGGAA ACGTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AATTAAAAAG AAGGGGCGAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGATATGGAA ACGTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AAHAAAAAT AAGGGGCGAT CCTGAGCCAA 
GACTTAATTG GATTGAGCCT TGGTATGGAA ACTTACTAAG TGATAACTTT CAAATTCAGA GAAACCCTGG AAHAAAAAA ATGGG-CAAT CCTGAGCCAA 






































































































































































155 165 175 185 
-AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT i 
-AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT 丨 
-AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT 彳 
AAAAAA~CT AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT ( 
AAAAAA~CT AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT ( 
AAAAAA--CT AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT ( 
AAAAAA-CT AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT ( 
AAAAAA"CT AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT ( 
AAAAAA~CT AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT ( 
AAAAAA~CT AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT i 
AAAAAA—CT AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT 丨 

























~AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT & 
--AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT 0 
-AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT G 
-AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT G 
—AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT G 
-AA GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT G 
AGAGACTCAA CGGAAGCTTT TCTAACCAAT G 
AGAGACTCAA CGGAAGCTTT TCTAACCAAT G 
AGAGACTCAA CGGAAGCTTT TCTAACCAAT G 
AGAGACTCAA CGGAAGCTTT TCTAACCAAT G 
AGAGACTCAA CGGAAGCTTT TCTAACCAAT G 
AGAGACTCAA CGGAAGCTTT TCTAACCAAT G 
AGAGACTCAA CGGAAGCTTT TCTAACCAAT C 
AGAGACTCAA CGGAAGCTTT TCTAACCAAT ( 
AGAGACTCAA CGGAAGCTTT TCTAACCAAT ( 
AGAGACTCAA CGGAAGCTTT TCTAACCAAT ( 
AGAGACTCAA CGGMGCTTT TCTAACCAAT ( 
AGAGACTCAA CGGMGCTTT TCTAACCAAT ( 
GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT ( 
GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT I 
GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT I 
GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT < 
GGAGAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT 丨 




















AAAAAA-CT AA GGAGAGGTGC AGAGACTCAA CGGMGCTTT TCTAACCAAT ( 
AAAAAAAACT AA GGAMGGTGC AGAGACTCAA CGGMGCTTT TCTAACCAAT ( 
AAAAAAAACT AA GGAAAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT ( 
AAAAAAAACT AA GGAAAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT I 
AAAAAAAACT AA GGAAAGGTGC AGAGACTCAA CGGAAGCTTT TCTAACCAAT i 
AAAAAAAACT AA GGAAAGGTGC AGAGACTCAA CGGMGCTTT TCTAACCAAT 丨 
AAAAAA—CT AA GGAGAGGTGC AGAGACTCAA CGGMGCTTT TCTAACCAAT 丨 




-ACAAATT TCCAAAMCA AACAAAAGTT TA---AAAAA GGATAGGTGC AGAGACTCAA CGGAAGATGT TCTAACAAAT GGAGTTTATT 
-ACAAATT TCCAAAAACA AACAAAAGTT TA---AAAAA GGATAGGTGC AGAGACTCAA CGGAAGATGT TCTAACAAAT GGAGTTTATT 
-ACAAATT TCCAAAAACA AACAAAAGTT TA---AAAAA GGATAGGTGC AGAGACTCAA CGGAAGATGT TCTAACAAAT 
-ACAAATT TCCAAAAACA AACAAAAGTT TA---AAAAA GGATAGGTGC AGAGACTCAA CGGAAGATGT TCTAACAAAT 
-ACAAATT TCCAAAAACA AACAAAAGH TA---AAAAA GGATAGGTGC AGAGACTCAA CGGAAGATGT TCTAACAAAT 
TA---AAAAA GGATAGGTGC AGAGACTCAA CGGAAGATGT TCTAACAAAT 
TA—AAAAA GGATAGGTGC AGAGACTCAA CGGMGATGT TCTAACAAAT 
TA---AAAAA GGATAGGTGC AGAGACTCAA CGGAAGATGT TCTAACAAAT 
TA---AAAAA GGATAGGTGC AGAGACTCAA 
TA—AAAAA GGATAGGTGC AGAGACTCAA 
CA—AAAAA GGATAGGTGC AGAGACTCAA 
CAGAAAAAAA GGATAGGTGC AGAGACTCAA 
AACAAAAGTT CAGAAAAAAA GGATAGGTGC AGAGACTCAA 
——ACAAATT TCCAAAAACA AACAAAAGTT 
——ACAAATT TCCAAAAACA AACAAAAGTT 
——ACAAATT TCCAAAAACA AACAAAAGTT 
——ACAAATT TCCAAAAACA AACAAAAGH 
—ACAAATT TCCAAAAACA AACAAAAGH 
——ACAAATT TCCAAAAACA AACAAAAGTT 




























































-TGA A A ~ A ~ 
-TGA A A - A ~ 
-TGA AA--A--
-TGA AA--A--
--TGA A A - A -
--TGA A A - A ~ 





--TGA A A - A -
"TGA A A - A -
--TGA A A - A -
…I …_|•…丨....I....I ....I... 
275 285 295 
-TAT A - R R I T M ACCAAGCTGA TTA----
-TAT A—RRRRRN ACCAAGCTGA TTA—— 
-TAT A--TTTTTTT ACCAAGCTGA TTA—— 











-TAT A-rrrrriT ACCAAGCTGA TTA— 
-TAT A-TTTTTTT ACCAAGCTGA TTA-
-TAT A-TITITIT ACCAAGCTGA TTA-
-TAT A - r r r r r n ACCAAGCTGA TTA-
-TAT A—TTTTTTT ACCAAGCTGA TTA-
-TAT A--TTTTTTT ACCAAGCTGA TTA-
--TAT A—TTTTTTT ACCAAGCTGA TTA-
-TAT A—TTTTTTT ACCAAGCTGA TTA-
-TAT A--TTTTTTT ACCAAGCTGA TTA-
-TAT A--TTTTTTT ACCAAGCTGA TTA-











-TAT A - m T T T T ACCAAGCTGA TTA-
-TAT A - - T n m T ACCAAGCTGA TTA-
-TAT A—RRRRRRR ACCAAGCTGA TTA-
-TAT A - r n T T T T ACCAAGCTGA TTA-
-TAT A - - m T T T T ACCAAGCTGA TTA-
-TAT A—rrrrrn ACCAAGCTGA TTA-
-TAT A--TTTTTTT ACCAAGCTGA TTA-
" T A T A~rrrrrrr ACCAAGCTGA TTA-
-TAT A—T m T T T ACCAAGCTGA TTA-
-TAT A—TITnTI ACCAAGCTGA TTA-
-TGA AA-A TAT A—TTTnTT ACCAAGCTGA TTA-
-TGA AA-A TAT A ~ T T T T n T ACCAAGCTGA TTA-














-TAT A--TTTTTTT ACCAAGCTGA TTA— 
-TAT A--TTTTTTT ACCAAGCTGA TTA-
-TAT A - n T T T n ACCAAGCTGA TTA-
-TAT A--TTTTTTT ACCAAGCTGA TTA-
-TAT A—TTTTTTT ACCAAGCTGA TTA-
-TAT A—rrrrrrr ACCAAGCTGA TTA-
-TAT A - r r r r r n ACCAAGCTGA TTA-
-TAT A--TTTTTTT ACCAAGCTGA TTA-
.-XGA AA--A TAT A - m T n T ACCAAGCTGA TTA 
CAA AA-AGAGAG TCTGA TAG A-TCTTTTr ACCAAACTGA TTA 
CAA M--AGAGAG TCTGA TAG A~TCTTrrT ACCAAACTGA TTA 
CTGTGATATT GAAGTAAAGG AATATTCATT GAATTTGTTA AA~AAATTC ACTGCATAGT CTAGTCTTAA AGCTATTTTT AC-GAACTTA TAAAAAATAC 
CTGTGATATT GAAGTAAAGG AATATTCATT G M m C T T A AA-AAATTC ACTGCATAGT CTAGTCTTAA AGCTATTTTT AC-GAACTTA TAAAAAATAC 
CTGTGATATT GAAGTAAAGG AATATTCATT GAATTTGTTA AA-AAATTC ACTGCATAGT CTAGTCTTAA AGCTATTTTT AC-GAACTTA TAAAAAATAC 
CTGTGATATT GAAGTAAAGG AATATTCATT GAATTTGTTA AA-AAAHC ACTGCATAGT aAGTCTTAA AGCTATTTTT AC-GAACTTA TAAAAAATAC 
CTGTGATATT GAAGTAAAGG AATATTCATT GAATTTGm AA-AAATTC ACTGCATAGT CTAGTCTTAA AGCTATTTTT AC-GAACTTA TAAAAAATAC 
CTGTGATATT GAAGTAAAGG AATATTCATT GAATTTGTTA AA-AAATTC ACTGCATAGT CTAGTCTTAA AGCTATTTTT AC-GAACTTA TAAAAAATAC 
CTGTGATATT GAAGTAAAGG AATATTCATT GAATTTGTTA AA-AAATTC ACTGCATAGT 
CTGTGATATT GAAGTAAAGG AATATTCATT GAATTTGTTA AA-AAATTC ACTGCATAGT 
CTGTGATATT GAAGTAAAGG AATATTCATT GAATTTGTTA AA-AAATTC ACTGCATAGT 
CTGTGATATT GAAGTAAAGG AATATTCATT GAATTTGTTA AA-AAATTC ACTGCATAGT 








GAAnCATTA AATCATTCAC TCCATAGTAT 



































305 315 325 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT GTCAATATGC 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT GTCAATATGC 














355 365 375 385 395 
AATTTTCACT AAAAAGAAAA TCCCTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCCTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCCTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCCTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCACT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 





































































AGAGAGTCCG TT-TCTACAT GTCAATATGC ACAGTAATGA 
AGAGAGTCCG TT-TCTACAT GTCAATATGC ACAGTAATGA 
IponoeajHirpurea 
Convolvulus 一 sagiUatus 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AATTTTCACT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT GTCAATATGC ACAGTAATGA AATTTTCAGT AAAAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT GTCAATATGC ACAGTAATGA AATTTTCAGT AAGAAGAAAA TCCGTCGATT TGAAAAATTG TGAGGGTTCA 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT GTCAATATGC ACAGTAATGA AATTTTCAGT AAGAAGAAAA TCCGTCGATT TGAAAAATTG TGAGGGTTCA 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT GTCAATATGC ACAGTAATGA AATTTTCAGT AAGAAGAAAA TCCGTCGATT TGAAAAATTG TGAGGGTTCA 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT GTCAATATGC ACAGTAATGA AATTTTCAGT AAGAAGAAAA TCCGTCGATT TGAAAAATTG TGAGGGTTCA 
AAGAATAAAG AGAGAGTCCG TT-TCTACAT GTCAATATGC ACAGTAATGA AATTTTCACT AAGAAGAAAA TCCGTCGATT TGAAAAATTG TGAGGGTTCA 
GAGAATAAAG AGAGAGTCCT TT-TCTACAT GTCAATATGC ACAGTAATGA AATTTTCAGT AAGAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
GAGAATAAAG AGAGAGTCCT TT-TCTACAT GTCAATATGC ACAGTAATGA AATTTTCAGT AAGAAGAAAA TCCGTCGATT TGAAAAATCA TGAGGGTTCA 
GAGAATAAAG ATAGAGTCCT TTATCTATAT GTCAAGACGG GCAAGAATGA AATTTTTAGT AAGAGGAAAA TCCGTCGACT TTAAAAATCG TGAGGGTTCA 
GAGAATAAAG ATAGAGTCCT TTATCTATAT GTCAAGACGG GCAAGAATGA AATTTTTAGT AAGAGGAAAA TCCGTCGACT TTAAAAATCG TGAGGGTTCA 
GAGAATAAAG ATAGAGTCCT TTATCTATAT GTCAAGACGG GCAAGAATGA AATTTTTAGT AAGAGGAAAA TCCGTCGACT TTAAAAATCG TGAGGGTTCA 
GAGAATAAAG ATAGAGTCCT TTATCTATAT GTCAAGACGG GCAAGAATGA AATTTTTAGT AAGAGGAAAA TCCGTCGACT TTAAAAATCG TGAGGGTTCA 
GAGAATAAAG ATAGAGTCCT TTATCTATAT GTCAAGACGG GCAAGAATGA AATTTTTAGT AAGAGGAAAA TCCGTCGACT TTAAAAATCG TGAGGGTTCA 
GAGAATAAAG ATAGAGTCCT TTATCTATAT GTCAAGACGG GCAAGAATGA AATTTTTAGT AAGAGGAAAA TtCGTCGACT TTAAAAATCG TGAGGGTTCA 
GAGAATAAAG ATAGAGTCCT TTATCTATAT GTCAAGACGG GCAAGAATGA AAmTTAGT AAGAGGAAAA TCCGTCGACT TTAAAAATCG TGAGGGTTCA 
GAGAATAAAG ATAGAGTCCT TTATCTATAT GTCAAGACGG GCAAGAATGA AAimTAGT AAGAGGAAAA TCCGTCGACT TTAAAAATCG TGAGGGTTCA 
GAGAATAAAG ATAGAGTCCT TTATCTATAT GTCAAGACGG GCAAGAATGA AATmTAGT AAGAGGAAAA TCCGTCGACT TTAAAAATCG TGAGGGTTCA 
ATAGAGTCCT TTATCTATAT GTCAAGACGG GCAAGAATGA AATmTAGT AAGAGGAAAA TCCGTCGACT TTAAAAATCG TGAGGGTTCA 
TTATCTATAT GTCAAGACGG GCAAGAATGA AATTTTTAGT AAGAGGAAAA TCCGTCGACT TTAAAAATCG TGAGGGTTCA 
GCAAGAATGA AATTTCTAGT AAGAGGAAAA TCCGTCGACT TTAAAAATCG TGAGGGTTCA 

















































































































-CCA ACAAACTAA C 
-CCA ACAAACTACT C 
-CCA ACAAACTACT C 
-CCA ACAAACTACT C 
-CCA ACAAACTACT C 
-CCA ACAAACTACT C 
-CCA ACAAACTACT C 
-CCA ACAAACTAa C 
-CCA ACAAACTACT C 
-CCA ACAAACTACT C 














-CCA ACAAACTACT 丨 







































































-GCTTGGTAC TTT TG GCTCAAAT--
-OrrTGGTAC TTT TG GCTCAAAT— 
-GCTTGGTAC TTT TG GCTCAAAT— 
-GCTTGGTAC TTT TG GCTCAAAT— 
-GCTTGGTAC TTT TG GCTCAAAT-
-GCTTGGTAC TTT TG GCTCAAAT--
-GCTTGGTAC TTT TG GCTCAAAT-
-GCTTGGTAC TTT TG GCTCAAAT— 
-GCTTGGTAC TTT TG GCTCAAAT— 
• -GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
• -GCTTGGTAC TTT TG GCTCAAAT-
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC tTT TG GCTCAAAT-
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT-
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT-
—-GCITGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
—-GCTTGGTAC TTT TG GCTCAAAT— 
---GCTTGGTAC TTT TG GCTCAAAT— 
---GCTTGGTAC TTT TG GCTCAAAT-
”-GCTTGGTAC TTT TG GCTCAAAT— 
--GCTTGGTAC TTT TG GCTCAAAT— 
---GCTTGGTAC TTT TG GCTCAA-—— 
-GCrTGGTAC TTT TG GCTCAA—— 
”-GCTTGGTAC TTT TG GCTCAA----
—"GCTTGGTAC TTT TG GCTCAA----
---GCTTGGTAC TTT TG GCTCAA-—— 
TATTTrmT TTTCATTTGG TTGGTGATCG GTTTAAATGG 
TATTTTrnT TTTCATTTGG TTGGTGATCG GmAAATCG 
-ATCCTGTTT TTTG GTGGTTG CTTCAAAATT 
-ATCCTCm TTTG GTGGTTG CTTCAAAATT 
-ATCCTGTTT TTTG GTGGTTG CTTCAAAATT 























CAAAAGCCTA GTGAACTACC CAACTATGTT ATCTC 
CAAAAGCCTA GTGAACTACC CAACTATGTT ATCTC 
CAAMGCCTA GTGAACTACC CAACTATGTT ATCTC 
CAAAAGCCTA GTGAACTACC CAACTATGTT ATCTC 
CAAAAGCCTA GTGAACTACC CAACTATGTT ATCTC 
-ATCCTGTTT TTTG GTGGTTG CTTCAAAATT 
-ATCCTGTTT TTTG GTGGTTG GTTCAMATT 
-ATCCTGTTT TTTG GTGGTTG CTTCAMATT 
-ATCCTGTTT TTTG GTGGTTG CTTCAAAATT 
-ATCCTGTTT TTTG GTGGTTG CTTCAAAATT 
CAAAAGCCTA GTGAACTACC CAACTATGTT ATCTC ATCCTGTTT TTTG— 
CAAAAGCCTA GTGAACTCCC CAACTAAGTT ATCTC ATCCTGTTT TTTG-
C CTA GTGGACTCCC CAACT-TTTT ATCCC-ATCC TGTTTTTCAT 
C CTA GTGGACTCCC CAACT-TTTT ATCCC-ATCC TGTTTTTCAT 
--GTGGTTG GTTCAAAATT 
—GTCGTTG GTTAAAAAn 
TCTC ATTGGCG GTTCAAAATT 
TCTC ATTGGCG GTTCAAAATT 
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r m T A ACGTGCA 
TTTTTA ACGTGCA 
nTTTA ACGTGCA 






















- r m T A ACGTGCA 
-TTTTTA ACGTGCA 
- r m T A ACGTGCA 
- r m T A ACGTGCA 
-TTTTTA ACGTGCA 
-TTmA- -ACCTGCA 






















CCTTATCTTT CTCATTCACT CTATTATTTT GCAAAAGTAT ATGAGCGTAA 
CCTTATCrrr CTCATTCACT CTATTATTTT GCAAAAGTAT ATGAGCGTAA 
CCTTATCTTT CTCATTCACT CTATTATTTT GCAAAAGTAT ATGAGCGTAA 
CCTTATCTTT CTCATTCACT CTATTATTTT GCAAAAGTAT ATGAGCGTAA 
CCTTATCTTT CTCATTCACT CTATTATTTT GCAAAAGTAT ATGAGCGTAA 
CCTTATCTTT CTCATTCACT CTATTATTTT GCAAAAGTAT ATGAGCGTAA 
CCTTATCTTT CTCATTCACT CTATTATTTT GCAAAAGTAT ATGAGCGTAA 
CCTTATCTTT CTCATTCACT CTATTATTTT GCAAAAGTAT ATGAGCGTAA 
CCnATCTTT CTCATTCACT CTATTATTTT GCAAAAGTAT ATGAGCGTAA 
CCTTATCTTT CTCATTCACT CTATTATnT GCAAAAGTAT ATGAGCGTAA 
ACTTATCrn CTCATTAACT CTAC A 
CCTTATCTTT CTCATTCACT CTATTCnTT ACAAATGGAT CTGAGCGGAA 














ATTATCATAC GTCTTTTTAT GGATATT-CA AACACGTACA 
ATTATCATAC GTCTTTTTAT GCATATT-CA AACACGTACA 
ATTATCATAC GTCTTTTTAT GGATATT-CA AACACGTACA 
ATTATCATAC GTCTTTTTAT GGATATT-CA AACACGTACA 
ATTATCATAC GTCTTTTTAT GGATATT-CA AACACGTACA 
ATTATCATAC GTCTTTTTAT GGATATT-CA AACACGTACA 
ATTATCATAC GTCTTTTTAT GGATATT-CA AACACGTACA 
ATTATCATAC GTCTTTTTAT GGATATT-CA AACACGTACA 
ATTATCATAC GTCTTTTTAT GGATATT-CA AACACGTACA 
ATTATCATAC GTCTTTTTAT GGATATT-CA AACACGTACA 
ATTATCATAC GTCTTTTTAT GGATATT-GA AACACGTACA 
CTTATCACAC GCCTTGTGAT GGATATTTGA TACACGTACA 

































-TCCCCTT TATTGGTTTC AT T TCCGTT 
-TCCCCTT TATTGGTTTC AT T TCCGTT-
C—TCCCCTT TATTGGTTTC AT T TCCGTT----
C—TCCCCTT TATTGGTTTC AT T TCCGTT----
A-TTTCC GGTTTC AT T TCCTTTGCTT 
A--TTTCC GGTTTC AT T TCCTTTGCTT 
AAGTGCCATC TTTAAGTTTG AGGAAGGAAT CCCTTTTCAA AAGATTCATA ATCCATAGAA TGACCCATA-
AAGTGCCATC TTTAAGTTTG AGGAAGGAAT CCCTTTTCAA AAGATTCATA ATCCATAGAA TGACCCATA-
AAGTGCCATC TTTAAGTTTG AGGAAGGAAT CCCTTTTCAA AAGATTCATA ATCCATAGAA TGACCCATA-
AAGTGCCATC TTTAACNTG AGGAAGGAAT CCCTTTTCAA AAGATTCATA ATCCATAGAA TGACCCATA-
AAGTGCCATC TnMGTTTG AGGAAGGAAT CCCTTTTCAA AAGATTCATA ATCCATAGAA TGACCCATA-
AAGTGCCATC TTTAAGTTTG AGGAAGGAAT CCCTTTTCAA AAGATTCATA ATCCATAGAA TGACCCATA-
AAGTGCCATC TTTAACTTTG AGGAAGGAAT CCCTTTTCM AAGATTCATA ATCCATAGAA TGACCCATA-
AAGTGCCATC TTTAAGTTTG AGGAAGGAAT CCCmTCAA 
AAGTGCCATC TTTAAGTTTG AGGAAGGAAT CCCTTTTCAA 
AAGTGCCATC TTTMCTTTG AGGAAGGAAT CCCTTTTCAA 
AAGTACCATC TTTAAGnTG AGGAAGGAAT CCCTTTTCAA 
AATGACCATC TTTGAGTTTG AGGAAGGAAT CCCCATTTGA 









----AACTAA AACTTCAAAA CTGATCmT 
----AACTAA AACTTCAAAA CTGATCTTTT 
----AACTAA AACTTCAAAA CTGATCTTTT 
----AACTAA AACTTCAAAA CTGATCTTTT 
~——AACTAA AACTTCAAAA CTGATCTTTT 
——-AACTAA AACTTCAAAA CTGATCTTTT 
----AACTAA AACTTCAAAA CTGATCTTTT 
----AACTAA AACTTCAAAA CTGATCTTTT 
-——AACTAA AACTTCAAAA CTGATCTTTT 
-——AACTAA AACTTCAAAA CTGATCTTTT 
-——AACTAA AACT-AAAA AAAATCTTTT 
TGAAACTTAC AA AG TCATCmTT 





























一 T T G G A ATC-
一 T T G G A ATC-
一TTGGA ATC-







-TTGGA ATC TC CA-
-TTGGA ATC TC CA-
-TTGGA ATC TC CA-. 
-TTGGA ATC TC CA— 
-TTGGA ATC TC CA— 
-TTGGA ATC TC CA-
-TTGGA ATC TC CA-
-TTGGA ATC TC CA-
一 T T G G A ATC TC CA-
-TTGGA ATC TC CA-












-TC C A ~ 
-TC C A -







- T C CA-
- T C CA-
—TC CA-
TTGGA ATC TC CA-
TTGGA ATC TC CA-
















TGAAATCGAA GAACTTCCAG GACTTGGCTA AAACTTTGTA 
TGAAATCGAA GAACTTCCAG GACTTGGCTA AAACTTTGTA 
TGAAATCGAA GAACTTCCAG GACTTGGCTA AAACTTTGTA 
TGAAATCGAA GAACTTCCAG GACTTGGCTA AAACTTTGTA 
TGAAATCGAA GAACTTCCAG GACTTGGCTA AAACTTTGTA ATCTGCT CA TTGGCATATA CATATCATTG ACATAGATCA CAGCCCCTAA 
TGAAATCGAA GAACTTCCAG GACTTGGCTA AAACTTTGTA ATCTGCT CA TTGGCATATA CATATCATTG ACATAGATCA CAGCCCCTAA 
TGAAATCGAA GAACTTCCAG GACTTGGCTA AAACTTTGTA ATCTGCT-
TGAAATCGAA GAACTTCCAG GACTTGGCTA AAACTTTGTA ATCTGCT-
GAACTTCCAG GACTTGGCTA AAACTTTGTA ATCTGCT-
GAACTTCCAG GACTTGGCTA AAACTTTGTA 
TAACTTCCAG GACTTGGCTA AAACTHGTA 
ATC 
ATC TA CA 
ATC TA CA 
ATAGAAA— ATATG CA 
ATAGAAA ATATG CA 
ATCTGCT CA TTGGCATATA CATATCATTG ACATAGATCA CAGCCCCTAA 
ATCTGCT CA TTGGCATATA CATATCATTG ACATAGATCA CAGCCCCTAA 
ATCTGCT—— 
ATCTGCT—— 
-CA TTGGCATATA CATATCATTG ACATAGATCA CAGCCCCTAA 
-CA TTGGCATATA CATATCATTG ACATAGATCA CAGCCCCTAA 
-CA TTGGCATATA CATATCATTG ACATAGATCA CAGCCCCTAA 








~ C A TTGGCATATA CATATCATTG ACATAGATCA CAGCCCCTAA 








ATCGGCTTTT G T T C m T C A TTGGCATATA CATATAATTG 
ATCCGCT TTTGTT CTTTTAATTG 




























805 815 825 835 845 855 865 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGCAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGCAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGCAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGCAC TGAAAATC 
GTG GGAAATGGGT CGGGATACa CAGTCGCTAG AGCAGAGCAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGCAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGCAC TGAAAATC 
GXG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGCAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGCAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGCAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGCAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGGAC TGAAAATC 
GXG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGGAC TGAAAATC 
GXG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGCTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GXG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGGCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGGCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGGCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGGCGGTAG AGCAGAGGAC TGAAAATC 
GTG GGAAATGGGT CGGGATAGCT CAGGCGGTAG AGCAGAGGAC TGAAAATC 
ATA GGAGATGGCT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
ATA GGAGATGGCT CGGGATAGCT CAGTCGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATGCTACGTT GGGAATGAGT CGGGATAGCT CAGGCGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATGCTACGTT GGGAATGAGT CGGGATAGCT CAGGCGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATGCTACGTT GGGAATGAGT CGGGATAGCT CAGGCGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATGCTACGTT GGGAATGAGT CGGGATAGCT CAGCCGGTAG AGCAGAGGAC TGAAAATC 
TAAAAmCG ATGCTACGTT GGGAATGAGT CGGGATAGCT CAGCCGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATGCTACGTT GGGAATGAGT CGGGATAGCT CAGCCGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATGCTACGTT GGGAATGAGT CGGGATAGCT CAGCCGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATGCTACGTT GGGAATGAGT CGGGATAGCT CAGCCGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATGCTACGTT GGGAATGAGT CGGGATAGCT CAGCCGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATGCTACGTT GGGAATGAGT CGGGATAGCT CAGCCGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATACTACGTT GGGAATGAGT CGGGATAGCT CAGCCGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATGCTACGTT GGGAATG-GT CGGGATAGCT CAGCTGGTAG AGCAGAGGAC TGAAAATC 
TAAAATTAGG ATGCTACGTT AGGAATG-GT CGGGATAGCT CAGCTGGTAG AGCAGAGGAC TGAAAATC 
Appendix 3. Sequence alignment of ITS region of 
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5 15 25 35 45 55 65 75 85 95 
GTTTTCGTAG GTGAACCTAT GGAAGGATCA nCTTGAAAC CTGCAAAGTA GACTGCGAAC ACGTTAACAA TGCCAACCCC CAGCTGCTGC GCGTGCACCC 
GTTTTCGTAG GTGAACCTAT GGAAGGATCA TTCnCAAAC CTGCAAAGTA GACTGTGAAC AAGHAACAA TGCCAACCCC CAGCTGCTGC GCGTGCACCC 
GTTTCCGTAG GTGAACCTGT GGAAGGATCA TTGTTGAMC CTGCAAAGTA GACTGCGAAC ACGTTAACAA TGCCAACCCC CAGCTGCTGC GCGTGCACCC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA HGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCACC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCGCGMC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC (HXXGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACCTTTTTAA TGCCATCCCC C-GCCGCAGC GCGCGCACTC 
tirrrCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA TGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTT 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC TCGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTA 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCAaC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CKCCATCCCC C-GCCGCAGC GCGYGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ACGTTTCTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCCCGAAC ATGTTTCTAA CGCCATCCCC C-GCCGCGGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCGCGMC ACGTTTCTAA CGCCATTCCC C-GCCACAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACTGCGAAC ACGTTACTAA CGCCATCCCC C-GCCGCAGC GCGCGCACTC 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCACAGCA GACCGCGMC ACGTTTCTAA AGCCAACCCC C-GCCGCCGC GCGCGCACTC 
GTTTCCATAG GTGAACCTGC GGATGGATCA TTGTCGAAAC CTGTAAAGCA GACCGCAAAC ACGTTAACAA CGCCAACCTC CCACCACCGC GCACGCACCT 
GTTTCCGTAG GTGAACCTGC GGAAGGATCA TTGTCGAAAC CTGCAAAGCA GACCGCGMC ACGTAGCCAA CGCATATCCC C-GCCG——GCGTGCTOCC 




105 115 125 135 145 155 165 175 185 195 
2 GTGCGGCGCG GCGTGCGGGC TAATGAACCC CGGTGCGGCA TGCGCCAAGG AAAAHAAAA CTTAGGGTCG GTCCC-OXA GCATCCTGTT CGCGGGCCAT 
jophanthoides GTGCGGCGCG GCGTGGGGGC TAATGAACCC CGGTGCGGCA TGCGCCAAGG AAAATTGAAA CTTAGGGTCG GTCCC-aCA GCATCCTGTT TGCGGGGCAT 
_lophanthoides_CUHK GTGTGGCGCG GCGTGCGGGC TAATGAACCC CGGTGCGGCA TGCGCCAAGG AAAATTGAAA CTTAGCATCG GTCCC-CCCA GCATCCTATT CGTGGGCCAT 
1 GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
_coetsa_? GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
GTGCCGCGCG GCGTGCGGGC TAATGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
.6 GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
L3 GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
L7 GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
I_rubescens_Rl GTGCCGCGCA GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
R5 GTGCCGCGCA GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
R9 GTGCCGCGCA GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
I_rubescens_R2 GTGCCGCGCA GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
R8 GTGCCGCGCA GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
R6 GTGCCGCATA GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
L9 GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
Lgibbosus GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
I_dawoensis GTGCCGTGCC GCGTGTGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCT GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
I_forrestii GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA AGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCCn CGCGGGCCGT 
I_smithianus GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTAAM TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
L8 GTCCCGCCCC GYGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGTCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
Lwikstroemioides GTGCCGCGCT GCATGCGGGC TAACGAACCC CGGCGCGAAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
I.coetsa GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCACCCC GCATaCGTT CGCGGGCCGT 
IJongitubus GTGCCGCGCG GCGTGCGGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAAOTAAT TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCAT 
I.acleiianthus GTGCCGCGCT GCGTGCAGGC TAACGAACCC CGGCGCGGAA CGCGCCAAGG AAAACTTAAA TTTAGCGTCG GTCCCGCCCC GCATCCCGTT CGCGGGCCGT 
I.ternifolius GTGCGCCGCG ATGTGCGGGC TAACGAACCC CGGCGCGGCA CGCGCCAAGG AAAAQAAAA ITTAGCGCCG CTCC—CCCC GCAACCCGTT CGCGGGCCGT 
Lamethystoides GAGCGGCGCG GCGTGCGGGT TAATGAACCC CGGCACTGCA CATGCCAAGA AAAATTGAAA CTTATCATCG GTCC-CCCA GCATCCCATT CGCGGGCCGT 
Nepeta_glouierulos8 TCGGGACGCG CCGTGCGCGC TAACGAACCC CGGCGCGGAA TGCGCCAAGG AAAAC-AAAA CGAAGCGTCC GTCC—CCCG -CGCCCCGTT CGCGGATCGT 
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205 215 225 235 245 255 265 275 285 295 
GCAGGGGGG- ATGGCCGTCT ATT-GAATAT CATAACGACT CTCAGCAATG GATATCTCAG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCAGGGGGG- ATGGCCGTCT ATT-GAATAT CATAACGACT CTCAGCAATG GATATCTCAG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GTAGCGGG— ATGGTCGTCT ATT-GAATAT CATAACGACT CTCAGCAATG GATATCTCAG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTC 
GCGGTGTGGA ACGGGCGTCT ATA-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGTGGA ACGGGCGTCT ATA-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGCGAAAT GCGATACTTG 
GCGGTGTGGA ACGGGCGTCT ATA-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGTGGA ACGGGCGTCT ATA-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGTGGA ACGGGCGTCT ATA-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC CTAGCGAAAT GCGATACTTG 
GCGGTGTGGA ACGGGCGTCT ATA-GAATGT CATAACGACT CTCGGCAACG GATATCTAGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATA-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CGTAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC GTAGGGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCATCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC CTAGCGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCATCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC CTAGCGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC CTAGCGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC CTAGCGAAAT GCGATAOTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CGTAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC CTAGCGAAAT GCGATACTTG 
GCGGTGCGGA ACGGGCGTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC CTAGCGAAAT GCGATACTTG 
GCGGTGCGGA ACGGACCTCT ATC-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC CTAGCGAAAT GCGATACTTG 
GCGGGGCAGC ACGGGCGTCT ATT-GAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC 
GCGGGGAA— ACAAACATCT ATC-GAATGT CGTAACGACT CTCGGTAACA GATATATCGG CTCTCGCATA GATGAAGAAC 
GCAGGGGA— CCGGCCGTCT ATCTAAATGT CATAACGACT CTCGGCAACG GATATCTCGG CTCTCGCATC GATGAAGAAC 



















305 315 325 335 345 355 365 375 385 395 
GTGTGAATTG CAGAATCCTG TGTTACGCCT GAAGCCAHA GGCCGAGGGC ACGTCTGCCT CGCCGTCACA CATTGTGTCG CCCCCCTCCC -CGCGCACAG 
GTGTGAATTG CAGAATCCTG TGTTACGCCT GAAGCCATTA GGCCGAGGGC ACGTCTGCCT CGCCGTCACA CATTCCGTCG CCCCCCTCCC -CGCGCACGG 
GTGTGAATTG TAGAATCCTG TCmCGCCT GAAGCCATTA GGCCGAGGGC ACGTCTACCT CGCCGTCACA CATTGCGTCG CCCCCCTCCC -CGCGCACGG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCAHA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTA CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCATGCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCCC -ACCACTCTG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCC- -ACCACTTCG 
GTGTGAATTG CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCA- -CCTACGTTG 









CAGAATCCCG TGTTGCGCCC GAAGCCATTA GGCCGAGGGC ACGTCTGCCT GGGCGTCACG CATCGCGTCG CTCCCCCCA- -CCCACGTTG 
CAGAATCCCG TGTTGCGCYC GAAGCCATTA 
TAGAATCCCG TGTTGCGCCC AAAGCCAm 
CAGAATCCCG TGTTGCGCCC GAAGCCATTA 



















405 415 425 435 445 455 465 475 485 495 
TGCTCGTGA- -GGGGG-GTG GACACTGGCT TCCCGTGTGC CCTAGTGCAT GGCTGGCCCA AATGGGATCC CC—GGCATC CCACGTCGCG ACAAGTGGTG 
TGCTCGTGA- -GGGGG-GCG GACACTGGCT TCCCGTGTGC CCTAGTGCAT GGCTGGCCCA AATGGGATCC CC-<XX:ATC CCACGTCGCG ACAAGTAGTG 
-GGGG&-GCG GACACTGGCT TCCCGTGTGC CCTAGTGCAT GGCTGGCCCA AATGGGATCC CC—GGCATC CCACGTCGCG ACAAGTGGTG 
-GGGG—GCG GATATTGGCC TCCCGTGCCC CTCGGCGTGC GGCCGGCCCA AATGGGATCC CCC-GGCGAC TCGCCTCGCG ACAAGTGGTG 
-GGGG—GCG GATATTGGCC TCCCGTGCCC CTCGCCGTGC GGCCGGCCCA AATGGGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GGGG~GCG GATATTGGCC TCCCGTGCCC CTCGGCGTGC GGCCGGCCCA AATGGGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GGGGG-GCG GATATTGGCC TCCCGTGCCC CTCGGCGTGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
- G G G G C G GATATTGGCC TCCCGTGCCC CTCGGCGTGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GGGG—GCG GATATTGGCC TCCCGTGCCC CTCGGCCTGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GGGG—GCG GATATTGGCC TCCCGTGCCC CTCGGCGTGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GGGG"GCG GATATTGGCC TCCCGTGCCC CTCGGTGTGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 










-GCGA-GG- -GGGG—GCG GATATTGGCC TCCCGTGCGC CTCGGTGTGC GGCCGGCCCA AATGCGATCC CCC-







-GCGA—GG- -GGGG~GCG GATATTGGCC TCCCGTGCGC CTCGGTGTGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GCGA~GG- -GGGG—GCG GATATTGGCC TCCCGTGCGC CTCGGTATGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GTAA-CC- -GGGG—GCG GATATTGGCC TCCCGTGCGC CTCGGCGTGC GGCCGGCCCA AATGCGATCC CCCCGGCGAC TCGCGTCGCG ACAAGTGGTG 
-GCGA~GG- -GGGGGG-CG GATATTGGCC TCCCGTGCGC CTCGGCGTGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GCGA~GG- -GGGGGGGCG GATAHGCCC TCCCGTGCGC CTCGGCGTGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GCGA—-GGGGG~CG GATATTGGCC TCCCGTGCGC CTCGGCGTGC GGCCGGCCCA AATGCGGTCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GCGA~GG- -GGGGGGGCG GATATTGGCC TCCCGTGTGC CTCGGCGTGC GGCCGGCCCA AATGCGATAC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GCGA—GG- -GGGA—GCG GATATTGGCC TCCCGTGCGC CTCGGCGTGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGCGTCGCG ACAAGTGGTG 
-GCGA~GG- - G G G G C G GATATTGGCC TCCCGTGCGC CTCGGCGTGC GGCCGGCCCA AATGCGATCC CTC-GGTGAC TCGCGTCGCG ACAAGTGGTG 
-GGGG~CG GATATTGGCC TCCCGTGCGC CTCGGCGTGC GGCCGRCCCA AATGCGATCC CGC-GGCGAC TCGTGTCGCG ACAAGTGGTG 
- G G G G C G GATATTGGCC TCCCGTGCGC CTCGGCCTGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGTGTCGCG ACAAGTGGTG 
-GGGG-_-CG GATATTGGCC TCCCGTGCGC CTCGGCGTGC GGCCGGCCCA AATGCGATCC CCC-GGCGAC TCGCGTCGTG ACAAGTGGTG 
CGAGGGGGTG GATATTGGCC CCCCGTGCGC CTCGGCGTGC GGTCGGCCCA AATACGATCC CCT-GTCGAC TCGCGTCGCG ACAAGTGGTR 
-GGGG~GTG AACACTAGCT CCCCGAGCGC CCTGGCGCGC AGCCGGCCCA AATGCTATCC TCC-GGTATC CTACGTCGCG ATAAGTGGTG 
TCGGG—GCG GATATTGGCC CCCCGTGCGC CTCGGCGTGC GGCCGGCCCA AATGTGATCC CCC-GGCGAC TCGTGTCGCG ACAAGTGGTG 





C G T G G A A 
121 
505 515 525 535 545 555 565 575 








GTTGAACATC TCAATCCCTC ACGTCCTATC ATTCCGCTGG GTCGTCCG— TAGGGTTCCG AACAATGACC CAATGGAGCT C ATTTGCTCCC 
GTTGAACATC TCAATCCCTC GCGTCCTATC ATTCCGTTGG GTCGTCCG— TAGGGTTCCG AACGATGACC CAATGAAGCT C ATCTGCTOCC 
GTTGAACATC TCAATC~TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG— TGTTGATCCG AACGATGACC CAACGGAGCC TTGCTCCT 
GTTGAACATC TCAATC--TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG-- TGTTGATCCG AACGATGACC CAACGGAGCC TTGCTCCT 
GTTGAACATC TCAATC—TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG-- TGTTGATCCG AACGATGACC CAACGGAGCC TTGCTCCT 
GTTGAACATC TCAATC—TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG- TGGTGATCCG AACGATGACC CAACGGAGCC TTGCTCCT 
GTTGAACATC TCAATC—TC GCGTCTCGTC GTGCCGCSGA GCCGTCCG- TGGTGATCCG AACGATGACC CAACGGAGCC TTGCTCCT 
GTTGAACATC TCAATC-TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG- TGGTGATCCG AACGATGACC CAACGGAGCC TTGCTCCT 
GTTGAACATC TCAATC—TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG-- TGGTGATCCG AACGATGACC CAACGGAGCC TTGCTCCT 
GTTGAACATC TCAATC-TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG- TGGTGATCCG AACGATGACC CAACGGAGC TTGCTCCT 









GTTGAACATC TCAATC—TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG— TGGTGATCCG AACGATGACC CAACGGAGC-
GTTGAACATC TCAATC—TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG-- TGGTGATCCG AACGATGACC CAACGGAGC-
GTTGAACATC TCAATC—TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG— TGGTGATCCG AACGATGACC CAACGGAGC-
GTTGAACATC TCAATC~TC GCGTCTCGTC GTACCGCCGA GCCGTCCG-- TGGTGATCCG AACGATGACC CAACGGAGC-
GTTGMCATC TCAATC~TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG" TGGTGATCCA AACGATGACC CAACGGAGC-
GTTGAACATC TCAATC—TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG— CGGTGATCCG AACGATGACC CAACGGAGC 
GTTGAACATC TCAATC—TC GTGTCTCGTC GTGCTGCCGA (KCGTCCG--
GTTGAGCATC TCAATC-TC GCGTCTCGTC GTGCTGCCGA GCCGTCCG--
GTTGAACATC TCAATC-TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG--
GTTGAACATC TCAATC—TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG--
GTTGAACATC TCAATC-TC GCGTCTCGTC GTGCCGCCGA GTCGTCCG-
GTTGAACATC TCAATC-TC GCGTCTCGTC GTGCTGCCGA GCCGTCCG" 
GTTGAACATC TCAATC-TC GCGTCTCGTC GTGCCGCCGA GCCGTCCG-









GHGAACATC TCAATC-TC GCATCTCGTC GTGGCACCGA GCCTTCTG-- CGGTGATCCG ATAGATGACC CAACGGAGCT 丨 
GTTGAAGATC TCAATCTCTC AAGTCTTATC ATGCTACTGG ATCGTCCA- CAGGGTTCCG AACGATGACC TAATGGAGCT 
GTTGAAATTC TCAATC-TC 
GTTGAACTCC TCAATC—TC 
-GCAGCGTC GCGTCCCCGT GTCGTCCGAA CGGGCATCAA ACGAACGACC CAACGGTGC-






















L2 TCGACCACGA CC 
lophanthoides TCGACCACGA CC 
lophanthoides_CUHK TCGACCACGA CC 
TCGACCGCGA CC 
coetsaj? TCGACCGCGA CC 











































5 15 25 35 45 55 65 75 85 95 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA CGITTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 













GGATCGCGGA GACGCGGGCG GTTCGCTGCC 
GGATCGCGGA GACGCGGGCG GTTCGCTGCC 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC 










Te t rad i r u t i carpum 
Tetradiuin_rut i carpum 
Tetradiu!ii_rut i carpum 
trichotomum 
Te trad i um—austros inense 






















TGCGACTTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
TGCGACTTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTrcCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA (rTCCTAACAA GGTTTCCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGmCCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTrCCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GCnTCCGTA 
TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GACGCGGGCG GTTCGCTGCC TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTrCCGTA 
GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGmcCGTA 
GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGmCCCTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGAGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGAGGC GATGCGGCCG GTTCGCTGCC TGTGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GCmCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GCnTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA GGAAGGAGAA GTCGTAACAA GGTTTCCGTA 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC ACTGAACCTT ATCATTTAGA 
-GATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC 
GGATCGCGGC GACGCGGGCG GTTCGCTGCC TGCGACGTCG CGAGAAGTCC 
GGATCGCGGC GACGCGGGCG GTCCGCTGCC TGCGACGTCG CGAGAAGTCC 
GCTGCC TGCGACGTCG CGAGAAGTCC 










































Di iiosperma—ne 1 anoph loium 
TetradiuBLruticarpun 
Tetradi um_ruticarpun 
Tetrad ium—rut icarpum 
Tetrad i iun_ru t i carpum 
Tetradiuni_trichotoinum 
Tetrad 1 iun_t r i chotomum 
Tetradiui•一austrosinense 
105 115 125 135 
GCTGAACCT AG-TC ATTGTCGAAA CCTGCCCA-
GGTGAACCT AGGATC ATTGTCGAAA CCTGCCCA-
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTGCCCA— 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTGCCTA— 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTGCCTA-
GGTGAACCTG CGGAAGGATC ATTGTCGAAC CCTGCCTA-_ 
GGTGAACCTG CGGAAGGATC ATTGTCGAAC CCTGCCTA--
GGTGAACCTG CGGAAGGATC ATTGTCGAAC CCTGCCTA— 
GGTGAACCTG CGGAAGGATC ATTGTCGAAC CCTGCCTA-
GGTGAACCTG CGGAAGGATC ANCTCCAAA CCTGCCTA-
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTGCCTA-
GGTGMCCTG CGGAAGGATC ATTGTCGAAC CCTGCCTA-
GGTGAACCTG CGGAAGGATC ATTGTCGAAC CCTGCCTA— 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CTCGTAGA— 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CTCGTAGA-
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTGCCCA— 




























145 155 165 175 185 195 
-GCAGAACGA CCCGCGAACC AGTT—GATA T—CACXGGC G G C G G G A GGGGG—GAC 
-GCAGAACGA CCCGCGAACC AGTT—GATA T-CACCGGC G G C G G G A GGGGG-GGC 
-GCAGAACGA CCCGCGAACT AGTT-CAGA C-TACCGGC G G T G C G A GGGGG-GAC 
-GCAGAACGA CCCGTGAACA AGTG—AATT C—-ACCAGC G G A G G GGG 
-GCAGAACGA CCCGTGAACA AGTG-AATT C——ACCAGC G G A G G GGG 
-GCAGAACGA CCCGCGAACT T G T A A A A T-CACTCGT GG~GAGGC -GCG-CTCC 
-GCAGAACGA CCCGCGAACT TGT——AAAA T-CACTGGT G G G A G G C -GCG-CTCC 
-GCAGAACGA CCCGCGAACT TGT---AAAA T-CACTGCT G G G A G G C -GCG-CTCC 
-GCAGAACGA CCCGCGAACT TGT——AAAA T—CACTGGT G G G A G G C --GCG-CTCC 
-GCAGAACGA CCCGCGAACT TGT——AAAA T-CACTGGT G G G A G G C -GCA-CTCC 
-GCAGAATGA CCCCTGAACT CGT——TAAA T-CACCGCT G G G A G G T —GCA-CTCC 
-GCAGAACGA CCCCTGAACT A C T G A A A T~CACCGGT G G G G G C T --GCG-CTCC 
-GCAGAACGA CCCGCGAACT CGTT~AAAA T-CACCGGC GG~GGGGA --GCG-CCCC 
-GCAGAATGA CCCCTGAACT CGTAGAAAAA CAACATTGGC T G G A G G C ACGCA-CTCT 
-GCAGAATGA CCCCTGAACT CGTAGAAAAA CAACATTGGC T G G A G G C ACGCA-CTCT 
-GCAGAACGA CCTGTGAACT CTTT-AAAA C—-ACCGGA GGGTG——CGTG-CCCT 
-GCAGAACGA CCTGTGAACT CTTT—AAAA C——ACCGGA GGGTG——CGTG-CCCT 
-GCAGAACGA CCTGTGAACT CTTT—AAAA C—-ACTGGA GGGTG——CGTG-CCTT 
-GCAGAACGA CCTGTGAACT CATT—AAAA C—-ACCAGA GG~~GTG——CGTG-CCTC 
-GCAGAACGA CCCGCGAACT CTTG~AAAA C—ACCAGA GGGGG——CGTG-CCTT 
-GCAGAACGA CCCGCGAACT OTG-AAAA C——ACCAGA GGGGG——CGTG-CCTT 
-GCAGAACGA CCTGCGAACT CTTG~AAAA C——ACTAGA GG~GGG——CGTG-CCTT 
-GCAGAACGA CTTGTGAACT ATTG-AAAA C—ACCAGA GG—GGGG- -CGTG-CCTT 
-GCAGAACGA CCTGTGAACT CTTG-AAAA C—ACCAGA GG—GGG- -CCTtHTIT 
-GCAGAACGA CCCCTGAACT CGTG~AAAA C---ACCGGA GG~GGG——CATG-COT 











CGGAAGGATC ATTGTCGAAA CCTGCCCC——GCAGAACGA CCCGCGAACT CGTG~AAAA C—-ACCGGA G G G G G G G 
CGGAAGGATC ATTGTCGAAA CCTCTGCA-G AGCAGAACGA CCCGCGAACT CGTG-AAAA C—-ACCGGT G G G G G ~ 
CGGAAGGATC ATTGTCGAAA CCTCTGCA-G AGCAGAACGA CCCGCGAACT CGTG-AAAA C—ACCGGT G G G G G ~ 
CGGAAGGATC ATTGTCGAAA CCTCTGCA-G AGCAGAACGA CCCGCGAACT CGTG-AAAA C—ACCGGT G G G G G ~ 
CGGAAGGATC ATTGTCGAAA CCTCTGCA-G AGCAGAACGA CCCGCGAACT CGTG-AAAA C—-ACCGGT G G G G G ~ 
CGGAAGGATC ATTGTCGAAA CCTCTGCA-G AGCAGAACGA CCCGCGAACT CGTG-AAAA C—ACCGGT G G G G G ~ 
CGGAAGGATC ATTGTCGAAA CCTCTGCA-G AGCAGAACGA CCCGCGAACT CGTG-AAAA C—ACCGGT GG•‘-GGG~ 
CGGAAGGATC ATTGTCGAAA CCTCTGCA-G AGCAGAACGA CCCGCGAACT CGTG-AAAA C—-ACCGGC G G G G G ~ 
CGGMGGATC ATTGTCGAAA CCTCTGCA-G AGCAGAACGA CCCGCGAACT CGTG-AAAA C—-ACCGGC G G G G G ~ 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTCTGCA-G AGCAGAACGA CCCGCGAACT CGTG-AAAA C—j 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTCTGCA-A AGCAGAACGA CCCGCGAACT CGTG-AAAA C—_ACCGGC 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTCTGCA-C AGCAGAACGA CCCGCGAACT CGTO-AAAA C—_ACCGGC 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTCTGCA-A AGCAGAACGA CCCGAGAACT CGTG-AAAA C—ACCGCC 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTCTGCA-A AGCAGAACGA CCCGAGAACT CGTG-AAAA C—-ACCGGC 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTCTGCA-A AGCAGAACGA CCCGAGAACT CGTG~AAM C—-ACCGGC 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTCTGCA-A AGCAGAACGA CCCGCGAACT CGTG-AAAA C—ACCAGC 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTCTGCA-A AGCAGAACGA CCCGCGAACT TCTfr-AAAA C—-ACCGGC 
GGTGAACCTG CGGAAGGATC ATTGTCAAAA CCTCTGCAAG AGCAGAACGA CCCCTGAACT TGTG~ATAA C—AATCCT 
GGTGAACCTG CGGAAGGATC ATTGTCAAAA CCTCTGCAAG AGCAGAACGA CCCCTGAACT TGTG-ATAA C—AATCGT 
GGTGAACCTG CGGAAGGATC ATTGTCAAAA CCTCTGCAAG AGCAGAACGA CCCCTGAACT TGTG-ATAA C—AATCGT 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTCTGCAAG AGCAGAACGA CCCGCGAACT CGTG—ATCA C—ACTAGC 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCACTGCGAG AGCAGAACGA CCCGCGAACC CGTG~A-— C—-ACTG 
GGTGAACCTG CGGAAGGATC ATTGTCGAAA CCTGCCTA- -GCAGAACGA CCCGCGAACT TGTTCTTA— C-CATCGGG GG-GGAGC-















G G G G G G - -CGTG-CTTC 
G G G G G G G -CGTG-CTTC 
G G G G G G - -CGTG-CTTC 
G G G G G G G 
G G G G G G G 
GGGGAG-
GG-GGGG-
G G G G G -
GG~GGGG" 
G G G G G G " 
G G G G G C -








205 215 225 235 245 255 265 275 285 
Citrus.maxiina GCGTCCGC— AGCGGGCCa CCTCCTTCCC caC-CACGC CGCGGGGA— GAGGGACTCG TCCCGCTCCT GGCTG-GCGA AAC-, 
Citrus.reticulata GCGTCCGC— AACGGGCGCT CCTCCTTCCC GCCC-CATGC CGCGGGGA— GAGGGACTCG TCCCGCTCCT GGCTO-GCGA AAC-AACGAA CCCC-CGGCG 
Luvu丨丨ga_scamie丨IS GCG CT CCTCCTTCCC CCCCGCTCCC CGCGCG-A- GAGGGACCCG TTCCGATCCC GGCAG-GCGA AAC-AACGAA CCCC-CGGCG 
Ruta_graveolens GCA AGC-CT CCCCCTGCCT CGGC—-TCC GAGAGGGC— GCTGGATCCG TCTTGCGCCC CnCGGG~G CCaAACGAA CCCC-CGGCG 
Ruta_graveolens GCA AGC-CT CCCCCTGCCT C G G C T C C GAGAGGGC— GCTGGATCCG TCTTGCGCCC CTTCGGG—G CCCTAACGAA CCCC-CGGCG 
Skimniajaponica ACG GGCGCC CCTCCCCCTC TCGT——AGC --—GGGT— GCGGGACTCC TCCCGCTCCC CCTTGCG-A AAC-AACGAA CCCC-CGGCG 
Skimniajaponica ACG GGCGGC CCTCCCCCTC TCGT—AGC ——GGGT— GCGGGACTCC TCCCGCTCCC CGTTGCG~A AAC-AACGAA CCCC-CGGCG 
Skinmiajaponica ACG GGCGGC CCTCCCCCTC TCGT—-AGC ----GGGT— GCGGGACTCC TCCCGCTCCC CGTTGCG—A AAC-AACGAA < 
Skimmiajaureola ACG GGCGGC CCTCCCCCTC T C G T A G C -GGGT-- GCGGGACTCC TCCCGCTCCC CGTTGCC—A AAC-AACGAA 
Skinniia.reevesiana TCG GGCGGC CCTCCCCCTC TCGT—AGC AGCT- ACGGGACTCG TCCCGCTTCC CGTTGCG-A AAC-AACGAA 
Ski咖ia—aiiquetilia ACG GGCGCC CCTCCCCCTC T C G T A G C AGGT- GCGGGACTCC TCCCGCTTCC CGCTGCG~A AAC-AACGAA 丨 
Casiniroa一edulis ATG GGCGCT CCTCCCCCTA T C G T C G C ——GGGT— GTGGGGCTTG TCCCGCTCCC CGTGGCG—A AAC-AACGAA 
Orixa_japonica ACG GGCTCT CCTCCCCCTC TCGC—~CGC ——GGGT— GCGGGACTCG TCCCGCTCCC CGCGGCG~A AAC-AACGAA 
Ptelea_trifoliata TTGT GGTGCT CCTCCCTCTT T C A C C G T -CGGT— GTGGGATTCT TCCTTCTCCC TGCGGTG~A A-C-AACGAA CCCC-CGCCA 
Ptelea_trifoliata TTGT GGTGCT CCTCCCTCTT T C A C C G T CGGT— GTGGGATTCT TCCTTCTCCC TGCGGTG-A A-C-AACGAA CCCOCGGCA 
Melicope.ternata GCG TGCGCT CCCCTCCCTT CTGC—-ATC ——AGGC— GCGGG-CCTG CGCCTGTGCC TGTTGCA-G AAC-AACCAA CXXC-GGGCG 
Helicope_ternata GCG TTCGCT CCCCTCCCTT CTGC—ATC ——AGGC— GCGGG-CCTG CGCCTGTGCC TGTTGCA—G AAC-AACCAA CCCC-GGGCG 
Acronychia_pedunculata GCG TGCGCT CCCCTCTTTT T T G C A T C -—-AGCT— GCGGG-mC TGCTCATGCT TGTTACA--G AAC-AACCAA CCCC-GGGCG 
Melicope_rubra GAG TGCGTT CCCCTCATTT CTTC——ATC ——AGGC— ACGGG-CTTG CGCTCGTGCT TGTTGC&~G AAC-AACCAA CCCCCGGGCG 
Euodiajiortensis GCG TGCGCT CCCCTCCCTT C C G C C T C ——AGGT— GCTGG-CTCG TCCTCGTGCC TGTTGCG~G AAC-AACAAA CCCC-CGGCG 
Euodiajiortensis GCG TGCGCT CCCCTCCCTT C C G C C T C --—AGGT— GCTGG-aCG TCCTCGTGCC TGTTGCG~G AAC-AACAAA CCCC-GGGCG 
Pitaviasterjiaplophyllus GTG TGCGCT CCCCTCCATT CCGC---CTC —一AGGT— GCGGG-CTTG CCCCCGTGCC TGTTGTG~G AAC-AACAAA CCCC-GGGCG 
Euodiajjublfolia GCG TTCGAT CCCCTCCCTT C C G C C T C ——AGGT— GTGGG-CTTG TCCTCGTGCC TGTTGCG—G AAC-AACAAA CCCC-GGGCG 
_vitiflora GTG TGCGCT CCCCTCTCTT CCGC—CTC --—AGGT— GCGTG-CTTG TCCTCGTGCC TGCTGTG-G AAC-AACAAA CCCC-GGGCG 
GTG TGTGCT CCCCTCCTCT C T G C C T C --—GGGT— AAGGGGCTTG TCCCCCTGAC TGTGGCA—G AGC-AACGAA CCCC-CGGCG 
GTG CGTGCT CCTGTCCCTC CCGC—-CTC ——CGGC— GCGGGGCTTG CCCCCGTGCC CGCGGCG—G AAC-AACGAA CCCC-CGGCG 
Dinosperma.melanophloiiun GCG TGCGCC TCTCCTCCTC CCTC—CCT --—GGGC— GCGCGACGTG TCCCGTCGCC CGTGGGG~G AAC-AACGAA CCCC-CGGCG 
GCG GCCGCT CCCCC—-TG COCC---CGC ——GGGT— GCGGGACTCG TCCCGTTCCX； CCCGGGGGCG ACC-AACTAA CCCC-CGGCG 
.ruticarpiUD GCG GCCGCT C C C C C T G C C C C C G C ——GGGT— GCGGGACTCG TCCCGTTCCC CCCGGGGGCG ACC-AACTAA CCCC-CGGCG 
-<XX:GCT CCCCC—-TG CCCC——CGC ——GGGT- GCGGGACTCG TCCCGTTCCC CCCGGGGGCG ACC-AACTAA CCCC-CGGCG 
- T G C C C C C G C --—GGGT— GCGGGACTCG TCCCGTTCCC CCCGGGGGCG ACC-AACTAA CCCC-CGGCG 
— —TG CCCC——CGC -——GGGT— GCGGGACTCG TCCCGTTCCC CCCGGGGGCC ACC-AACTAA CCCC-CGGCG 
_ruticarpum GCG GCCGCT CCCCC—-TG CCCC---CGC ——GGGT— GCGGGACTCG TCCCGTTCCC CCCGGGGGCG ACC-AACTAA CCCC-CGGCG 
--GCCGTT CCCCC——TG C C A C C G C -GGGT- GCGGGACTCG TCCCGTTCCC CTCGGGGGCG ACC-AACGAA CCCC-CGGCG 
--GCCGTT CCCCC—TG CCAC—CGC ——GGGT— GCGGGACTCG TCCCGTTCCC CTCGGGGGCG ACC-AACGAA CCCC-CGGCG 
_trichotomiim GCG GCCGTT CCCCC一TG CCAC—-CGC ——GGGT— GCGGGACTCG TCCCGTTCCC CTCGGGGGCG ACC-AACGAA CCCC-CGGCG 
CCCCCC--TG CCCC——CGC GGGT— GCGGGACTCG TCCCGTTCCC CTCGGGGGCG ACC-AACGAA CCCC-CGGCG 
jlabrifolium GCG GCCGCT CCCCCC--TG C C C C C G C --—GGGT— GCGGGACTCG TCCCGTTCCC CTCGGGGGCG ACC-AACGAA CCCC-CGGCG 
Tetradium—daiiiellii GCG GCCGCT CCCCCC-TG TCGC—-CGC ----GGGT- GCAGGACTCG TCCCGTTCCC CCCGGGGGCG ACC-AACGAA CCCC-CGGCG 
Tetradium_daniellii GCG GCCGCT CCCCCC~TG T C G C C G C GGGT— GCAGGACTCG TCCCGTTCCC CGCGGGGGCG ACC-AACGAA CCCC-CGGCG 
Tetradium—daniellii GCG GCCGCT CCCCCC—TG TCGC---CGC ——GGGT— GCAGGACTCG TCCCGTTCCC CGCGGGGGCG ACC-AACGAA CCCC-CGGCG 
Phellodendron^amurense GCG GCCGCT CCCCC—-TG C C G C C G C ——GGGT— GCGGGACTCG TCCCGTTCCC CGCGGGGGCG ACC-AACGAA CCCC-CGGCG 
Fagaropsis-glabra GCG GCCGCT CCCCCC-TG CCGC—CGC - G G G T — GCGGGACTCG TCCCGCTCCC CGCGGGGGCG AAC-AACGAA CCCC-CGGCG 
Zanthoxylum—si咖lans GCG GCCGCA CCCCCA-CG TCTC---CGC ----GGGT— GCGGGACCAG TCCCGTTCCC CGCGGGGGCG AAC-AACGAA CCCC-CGGCG 
Zanthoxyluiii_simulans GCG GCCGCA CCCCCA—CG T C T C C G C ——GGGT— GCGGGACCAG TCCCGTTCCC CGCGGGGGCG AAC-AACGAA CCCC-CGGCG 
Zanthoxyluiii_piperituia GCG GCCGCA CCCCCA--TG TCTC一TGC ——GGGT— GCGGGACTAG TCCCGTTCCC CGCGGGGGCG AAC-
Zanthoxylum„schlnifoliuin GCG GCCGCT CCCCCA—CG TCTC—-CGC ——GGGT— GTGGGACTCC TCCCGTTCCC CGCGGGGGCG GAT-AACGAA 
CCG AGCGTC TCCCC GGGT— GCGGGATCCC TCCCGTTCCC --CGGGGGCG CAC-
GAGCCT CCTGGT CCCCC-TCTG CAGT CGGATCG ATGGCACCTG CCCTCGCTCC CTCGGCA~C AAC-AACGAA 























D i nosperoia_Die 1 anoph loliun 
Tetradi 咖—rut icarpum 
Tetradi um_ruti carpi 皿 
Tetrad i i 皿一rut i carpum 
305 315 325 335 345 355 365 375 385 395 
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CGCGGCCCC- GGAGACGGTG CGCTGC-GGG GTGCGCCGCC TTCm-CAC ATO-TATCCA 
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CGCGGCCCC- GGAGACGGTG CGCCGC-GGG GTGCGGCGCC TTCTTT-CAC ATG-TATCCA 














Te t rad i urn—t r i chotomum 
Te t rad i um_ tr i chotomuip 
Tetradium.aiistrosinense 
Te t rad i um_g 1 abr i f o 1 i lun 











CGGAATGCGC CAAGGAAATC TAAC-GAGAG AGCGAGCTCC GCGGGTTC— 
CGGAATGCGC CAAGGAAATC TAAC-GAGAG AGCGAGCTCC GCGGCTTC--
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCACT CGGGGCCCC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCACT CGGGGCCCC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCACT CGGGGCCCC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCACT CGGGGCCCC-














CAGTGTGCGC CAAGTAATAC TAAC-AAGAG AGCATGATCT CAGG-CaC-
CGGAATGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CAGGGCCTC-
CGGAATGCGC CAAGGAAACC TAAC-GAGAG AGCACGCTCT CGGGGCCCC-
CGGTCTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CGCGGCCCC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CAGGGCACC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CAGGGCACC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CAGGGCACC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CAGGGCACC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CAGGGCACC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CAGGGCACC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CAGGGCACC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CAGGGCACC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CAGGGCACC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CAGGGCCCC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CGCGGCACC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CGGGGCCCC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CGCGGCCCC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCTCC CGCGGCCCC-
CGGACTGCGC CAAGGAAATC TAAC-GAGAG AGCACGCCCC CGGGGCCCCC 
CGGACCGCGC CAAGGAAAAC TAAC-GAGAG AGCACGCTCC CGCGGCCCC-
CGGTCTGCGC CAAGGAAATC TAAC-GAGAG 
CGGTCTGCGC CAAGGAAATC TAAC-GAGAG 
CGGTCTGCGC CAAGGAAATC TAAC-GAGAG 




GCCCGTCGG ATGCGTTGCC TTCm-CAC -T~TATCCA 
GCCCGTCGG ATGCGTTGCC TTCm-CAC -T—TATCCA 
GGACACGGTG TGCCCTCTGG ACGCGGCGCC TTCTTT-CAC TT-TATATA 
GGACACGGTC TGCCCTCTGG ACGCGGCGCC TTCTTT-CAC TT—TATATA 
GGACACGGTG TGCCCTCTGG ACGCGGCGCC TTCTTT-CAC TT—TATATA 
GGACACGGTG TGCCCTCTGG ACGCGGCGCC TTOTT-CAC TT-TATATA 
GGACACGGTG TGCCCTCGGC ACGCGGCGCC TTCTTT-CAC TT-TATATA 
GGTCACGGTG TGCCCTCGGC ACGCGTCGCC TTCTTT-CAC TT—TATATA 
AGACACGGTG TGCCTACAGG ACGCGGCGCC TTCTTT-CAC TT—TATCTA 
GGACACGGTG TGCCCCCGGG ATGCAGCGCC TTCTTT-CAA TT-TATCTA 
GAAAACGGTG TGCCTT-GGG ATGTTGTGCC CTCTTT-CAA TT-TATCTT 
GAAAACGGTG TGCCTT-GGG ATGTTGTGCC CTCTTT-CAA TT-TATCTT 
ATACATGGTG TGCTT-CGG ACGCGGTGCC TTTTTr-GAC AT--TATCTA 
ATACATGGTG TGCTT-GGG ACGCGGTGCC TTTTTT-GAC AT-TATCTA 
ATACATGGTG TGCTT-GGG ACGCGGTGCA TTCTTT-CAC AT-TATCTA 
ATACTTGGTG TGCTT-GGG ATGCGGTGCC TTCTCT-CAA AT-TATCTA 
GGACACGGTG CGCTT—GGG ATGCAGTGCC TTCTCT-CGC AT-TATCTA 
GGACACGGTG CGCTT—GGG ATGCAGTGCC TTCTCT-CGC AT-TATCTA 
GGGCACGGTG CGCTT—GGG ATGCAGTGCC TTCTTT-CAC AT—TATCTA 
GGACATGGTG TGCTT-AGG ATGCATTGCC TTCTTT-CAC AT-TATCTT 
GGACACGGTG CGCCA—GGG ATGCCGTGCC TTCTTT-CAC AT—TATCTA 
GGACACGGTG ACCCCA-GGG ACGCGGCGCC TTCTTT-CAC AT—TATCTA 
GGACACGGTG TGCCTC-GAG ACGCGGCGCC TTCTTT-CAA TT-TATCTA 
GGACACGGCG TGCCCT-GGG ATGCGGCGCC TTCTTT-CAA TC~TATCTA 




GGACATGGTG ATCCCC-AGG ATGCGGCGCC TTCTTT-CAC TT-TATCTA 
GGACATGGTG ATCCCC-AGG ATGCGGCGCC TTCTTT-CAC TT-TATCTA 
GGACATGGTG ATCCCC-AGG ATGCGGCGCC TTCTTT-CAC TT—TATCTA 
GGACATGGTG ATCCCC-AGG ATGCGGCGCC TTCTTT-CAC TT—TATCTA 
GGACATGGTG ATCCCC-AGG ATGCGGCGCC TTCTTT-CAC TT-TATCTA 
GGACACGGTG AGCCCC-AGG ATGCGGCGCC TTCTTT-CAC TT-TATCTA 
GGACACGGTG AGCCCC-AGG ATGCGGCGCC TTCTTT-CAC TT—TATCTA 
GGACACGGTG AGCCCC-AGG ATGCGGCGCC TTCTTT-CAC TT-TATCTA 
GGACACGGTG AGCCCC-AGG ATGCGGCGCC TTCTTT-CAC TT-TATCTA 
GGACACGGTG AGCCCC-GGG ATGCGGCGCC TTCTTT-CAC TC-TATCTG 
GGACACGGTG AGCCCC-GGG ACGCGGCGCC TTCTTT-CAC H-TATCTA 
GGACACGGTG AGCCCC-GGG ACGCGGCGCC TTCTTT-CAC TT—TATCTA 
GGACACGGTG ATCCCC-CGG ACGCGGCGCC TTCTTT-CAC TT—TATCTA 
GGACACGGCG AGCCCC-GGG ACGCGGCGCC TTCTTT-CAC TC—TATCTA 
GGAGACGGTG TGCCCT-GGG ACGCGGCGCC TTOTT-CAC TT-TATCCA 
AGCACGCTCT CAGGGCCCC- GGACACGGTG TCaCT-GGG ACGCGGCGCC TTCTTT-CAC TC--TATCTA 
AGCACGCTCT CAGGGCCCC- GGACACGGTG TGCTCT-GGG ACGCGGCGCC TTCTTT-CAC TC-TATCTA 
AGCACGCTCT CGGGGCaC- GGACACGGTG TGCTCT-GGG ACGCGGCGCC TTCTTT-CAC TC—TATCTA 
AGCACGCTCC CGCGGCCCC- GGACACGGTG TGCTCC-GGG ACGCGTCGCC TTCTTT-CAC TC—TATCTG 
AGCACGCTCC CGGTGCCCC GGG ACGCGGCGCC TTCTTT-CAC TG-TATCTA 
GGAAACGGTG TGCGTGCCTG TGGCATCGCC nCTTTTCAT T——-ATTTA 























Bosistoa jned icinalis 
D i Hospermajne1anophloi i 皿 
Tetradium—ruticarpum 
AAACGACTCT CGGCAACGGA TATCTCGGCT 
































Te t ratU un—daii i e 11 i i 
Pliel lodendron 一 amurense 
Zanthoxyluo.siuulans 






























405 415 425 435 445 455 
CTCGCATCAG ATGAAGAACG CAGCGAAATG 
CTCGCATCAG ATGAAGAACG CAGCGAAATG 
CTCGCATC-G ATGAAGAACG TAGCGAAATG 
CTCGCATC-G ATGAAGAACG TAGCGAAATG 
CTCGCATC-G ATGAAGAACG TAGCGAAATG 
CTCGCATC-G ATGAAGAACG TAGCGAAATG 
CTCGCATC-G ATGAAGAACG TAGCGAAATG 
CTCGCATC-G ATGAAGAACG TAGCGAAATG 
CTCGCATC-G ATGAAGAACG TAGCGAAATG 
CTCGCATC-G ATGAAGAACG TAGCGAAATG 
CTCGCATC-G ATGAAGAACG TAGCGAAATG 
CTCGCATC-<； ATGAAGAACG TAGCGAAATG 
CTCGCATC-G ATGAAGAACG TAGCGAAATG 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG T 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 7 
TAACGACTCT CGGCAACGGA TATCTAGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 1 
AAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 1 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 1 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 1 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 1 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 1 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 1 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 1 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 1 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG ‘ 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG ‘ 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG ‘ 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG _ 
TATCTCGGCT CTC(3CATC~G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATAOTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G ATGAAGAACG TAGCGAAATG CGATACTTGG 
AAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC 
TAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G 
AAACGACTCT CGGCAACGGA TATCTCGGCT CTCGCATC-G 






































Appendix 5. Sequence alignment of trnL-trnF region 
of Rutaceae species 
-CT A -
5 15 25 35 45 55 65 75 
- T C A H G A N C C T G A A C CATTTCGCCT ACCCTCTGCT TTCCTTTTCT TTTTTTGTTA GTGGTTCACA ATTCAAT--
-TCATTGATT CC—TGAAC CATTTCGCCT ACCCTCTGCT TTCCTTTTa TTTTrTGTTA GTGGTTCACA ATTCAAT— 
TCCAGGGGCC CT——AGAG AAA A ACA ACGAAGT-
GC C C C C A A AAA A A GTT— 
TTCG 
——CT A TTCG 
A T C A 
A T O T 
-TCATCT A——T C A -CCATTGACT CC——CTAAC CATTTCTCCT ACCTTCTCCT TTTTTTGm GTGGTTCAAA A GTC GGTAGGTTTC 
-CCATTCACT CC—CTAAC CATTTCTCCT ACCCTCTCCT TTT T m C T T A GTGGTTCAAA ATTCGCTAGG TTTCTCATCT A-
-CCATTGACT CC-—CTAAC CATTTCTCCT ACCCTCTCCT TTT TTTTGTTA GTTGTTCAM ATTCGCTAGG TTTCTCATCT A-
-CCATTGACT CC—CTAAC CATTTCTCCT ACCCTCTCCT TTT nTTGTTA GTTGTTCAM ATTCGCTAGG TTTCTCATCT A-
CATTTCTCa ACCCTCTCCT TTT-----CCATTGACT CC-—CTAAC 
-CCATTGACT CC——CTAAC CATTTCTCCT ACCCTCTCCT TTT-
-CCATTGACT CC---CTAAC 
-CCATTGACT CC---CTAAC 
















TnTGTTA GTTGTTCAAA ATTCGCTAGG TTTOCATCT A TCCT 
TTTTGTTA GTTGTTCAAA ATTCGCTAGG TTTCTCATCT A TCCT 
TTTTGTTA GTTGTTCAAA ATTCGCTAGG TTTCTCATCT A TCCT 
m T G T T A GTTGTTCAAA ATTCGCTAGG TTTCTCATCT A TCCT 
-TTT-GTTA GTGGTTCAAA ATTCGCTAGG TTTCTCATCT A TCCT 
—NT-<rrTA GTGGTTGAAA ATTCGGTAGG TTTTTCATCT AGCCTACCCT 
"TTT-CnA GTGGTTGAAA ATTCG-TAGG TTTTTCATCT AGCCTACCCT 
CATTTCTCCT ACCCTCTCCT TTT TTT-GTTA GTGGTTGAAA ATTCGCTAGG TTTTTCATCT AGCCTACCCT 
CATTTCTCCT ACCCTCTCCT TTT TTT-GnA GTGGGTGAAA ATTCGGTAGG TTTTTCATCT AGCCTACCCT 
CATTTCTCCT ACCCTCTCCT TTT m T G T T A GTGGTTGAAA ATTCGCT TCATCT A TCCT 
CATTTCTCCT ACCCTCTCCT TTT TTTTCTTA GTGGTTGAAA ATTCGCT TCATCT A TCCT 
CATTTCTCCT ACCCTCTCCT TTT TTTTCTTA GTGGTTGAAA ATTCGGTAGG m T T C A T C T A TCCT 
-CTAAC CATTTCTCCT ACCCTCTCCT TTT nTTGTTA GTGGTTGAAA ATTCGGTAGG TTTTTCATCT A——TCCT -CCATTTACT 
-CCATTTACT CC-—CTAAC CATTTCTCCT ACCCTCTCCT TTT nTTGTTA GTGGTTCAAA ATTCGGTAGG TTTTTCATCT 


















TTT—TA GTGGTTCAAA ATTCGGTAGG TTTCTCATCT A--
CATTTCTCCT ACCCTCTCCT TTT TTTTGTTA GTGGCCCAAA TTTCGGTAGG TTTCTCATCT A——TCCT 
CATTTCTCCT ACCCTCTCCT TTT TTTTGTTA GTGGTTCAAA ATTCGGTAGG TTTCTCATCT A TCCT 
•TTTTGTTA GTGGTTTAAA ATTCGGTAGG TTTCTCATCT A TCCT 
-TTTTGTTA GTGGTTTAAA ATTCGGTAGG TTTCTCATCT A TCCT 
m T G T T A GTGGTTTAAA ATTCGGTAGG TTTCTCATCT A TCCT 
-TTTTGTTA GTGGTTTAAA ATTCGGTAGG TTTCTCATCT A TCCT 
-TTTTGTTA GTGGTTTAAA ATTCGGTAGG TTTCTCATCT A TCCT 
-nTTGTTA GTGGTTTAAA ATTCGCTAGG TTTCTCATCT A TCCT 
CATTTCTCCT ACCCTCTCCT TTTTG 
CATTTCTCCT ACCCTCTCCT TTTTG 
CATTTCTCCT ACCCTCTCCT TTTTG 
CATTTCTCCT ACCCTCTCCT m T G 
CATTTCTCCT ACCCTCTCCT TTTTG 
CATTTCTCCT ACCCTCTCCT TTTTG 
CATTTCTCCT ACCCTCTCCT TTTTG 
CATTTCTCCT ACCCTCTCCT TTTTG 
CATTTCTCCT ACCCTCTCCT m T G — 
CATTTCTCCT ACCCTCTCCT TTTTG—• 
CATTTCTCCT ACCCTCTCCT TTTTG 
m T G T T A GTGGTTTAAA ATTCGCTAGG TTTCTCATCT A TCCT 
TTTTGnA GTGGTTTAAA ATTCGCTAGG TTTCTCATCT A TCCT 
TTTTCTTA GTGGTTTAAA ATTCGCTAGG TTTCTCATCT A TCCT 
TTTTGrrA GTGGTTTAAA ATTCGGTAGG TTTCTCATCT A TCCT 
•TTTTGTTA GTGGTTCAAA ATTCGGTAGG TTTCTCATCT A TCCT 
CATTTCTCCT ACCCTCTCTT m T T TTTTGnA GCGGTTCAAA ATTCGGTAGG TTTCTCATCT A TCCT 
CATTTCTCCT ACCCTCTCTT m T T TTT-GTTA GCGGTTCAAA ATTCGGTAGG TTTCTCATCT A TCCT 
-CCAnCACT CC—CTAAC CATTTCTCCT ACCCTCTCTT T T m TTHJTTA GCGGTTCAAA ATTCGGTAGG TTTCTCATCT A——TCCT 
-CCATTGACT CC—CTAAC CCTTTCTCCT ACCCTCTCCT TTT TTTTGTTA GTGGTTCAAA ATTCGGTAGG TTTCTCATCT A TCCT 
-CCATTGACT CC—CTAAC CATTTCTCCT ACCTTCTCCT TTT m T G T T A GTGGTTCAAA ATTCGGTAGG TTTCTCATCT A——TCCT 
-CCATTGACT TC—CTAAC CATTTCTCCT ACCCTCTCCT TTT m T G T T A GTGGTTCAAA ATTCGGTAGG TTTCTCATCT A——TCCT 
ATTCGGTAGG TTTCTCATCT A TCCT 
CTTCGGTAGG TTTCTCATCT A TCCT 
-CCATTGACT TC——CTAAC CATTTCTCCT ACCCTCTCCT TTT TTTTGTTA GTGGTTCAAA 
-CCATGGACT TC—CTAAC CATTTCTCCT ACCCTCTCCT TTT TTTTGnA GTGGTTCAAA 
-CCATTGACT CC——CTAAC CATTTCTCCT ACCCTCTCCT TTT ——TTTTGTTA GTGGTTCAAA 
-CCATTGACT CC——CTAAC CATTTCTCCT ACCCTCTCCT TTT TTTTGTTA GTGGTTCAAA 
-CCATTGACC CC—CTAAC CGTTTCTCCT ACCCTCTCCT TTT rrrixmA GTGGTTCAAA 
-CCATTGACC CC—CTAAC CGTTTCTCCT ACCCTCTCCT TTT TTTTGnA GTGGTTCAAA 
--ATTTGACT CC—CTAAC CATTTCTCCT ACCCTCNN TTT GTTA ATGATTCAAA 







TTTCTCATCT A TCCT 
TTTCTCATCT A——TCCT 
TTTCTCATCT A——TCCT 




.…丨.…丨.…丨….1 ….1•…丨.…丨.…丨....I....I ....I....I ....I....I ....I....I ....I....I … 
105 115 125 135 145 155 165 175 185 195 
ACCCTAGATT CCATTTACAA -AAAGATC-T GGGCAGCATT TTTTT-ATC TTTTATTATC ACA AGTTG TGTGGTATAT ATGATATACA 
ACCCTAGATT CCATTTACAA -AAAGATC-T GGGCAGCATT mTT—ATC TTTTAnATC ACA AGTTG TGTGGTATAT ATGATATACA 
lus 
ium 
ACTCTT—TT CCATTTCCAA -AAGGATCCT GGGCAGAATT TTTTT~CTC TT--





















-AAGGATA-T GGGCAGATTT TnTT~CTC TT ATC ACA 
-AAGGATC-T GGGCAGAATT mTT—CTC TT ATC ACAAGTTCT-













-AAGGATC-T GGGCAGAATT TTTTT-CTC TT— 
-AAGGATC-T GGGCAGAATT TTTTT-CTC TT— 
-AAGGATC-T GGGCAGAATT mTT—CTC TT— 





-AAGGATC-T GGGCAGAATT TnTT~CTC TT~ 
-AAGGATC-T GGGCAGAATC m T T - C T C TT— 
-ATC ACAAG-
---AGCCG TATGGTCTAT ACGATATATG 
AGCCG TATGGTCTAT ACGATATATG 
---AGCCG TATGGTCTAT ACGATATATG 
-CAAGTTG TGTGGTATAT ACGATAGACG 
TCG TGTGGTATAT ACGATAGACG 
TCG TGTGGTATAT ACGATAGACG 
TCG TGTGGTATAT ACGATAGACG 
TCG TGTGGTATAT ACGATAGACG 
TCG TGTGGTATAT ACGATAGACG 
TCG TGTGGTATAT ACGATAGACG 
-GGGGATC-T GGGCATTCTT r m T-CTC TT-
-GGGGATC-T GGGCATTCTT TTTTT-CTC TT-
-GGGGATC-T GGGCATTCTT TTTTT-CTC TT-
-GGGGATC-T GGGCATTCTT TTTTT—CTC TT-
-GGGAATC-T GGGCATTCTT CTC TT-
-GGGAATC-T GGGCATTCTT CTC TT-









CCATTTCAAA -GGGAATC-T GGGCATTCTT CTC TT~ 
CCATTTCAAA AGGGAATC-T GGGCATTCTT CTC TT— 
-TT CCATTTCAAA -AGGGATC-T GGGCAHAn -TTT TT-
ACTCn—TT CCATTGCCAA -AGGGATC-T GGGCATAATT r m T - C T C TT-
ACTCTT—TT CCATTTCCAA -AGGGATC-T GGGCATAATT TTTTT—CTC TT-
ACTCTT~TT CCATTTCCAA -AAGGATC-T GGGCATCATT TTTTTT-CTC TT-
-AAGGATC-T GGGCATCATT TTTTT-aC TT-
-AAGGATC-T GGGCATCATT mTTT-CTC TT-


























TCA TGTGGTATAT ACGATAGACG 
-CAAGTCG TGTGGTATAT ACGATAGGCG 
-CAAGTCG TGTGGTATAT ACGATAGGCG 
-CAAGTCG TGTGGTATAT ACGATAGGCG 
—CAAGTCG TGTGGTATAT ACGATAGGCG 
—CAAGTCG TGTGGTATAT ACGATAGGCG 
—CAAGTCG TGTGGTATAT ACGATAGGCG 
-CAAGTCG TGTGGTATAT ACGATAGGCG 
ATT ACATATCA CAAGTCG TGTGGTATAT ACGATAGGCG 
•ATT ACATATCA CAAGTCG TGTGGTATAT ACGATAGGCG 
•TTC TCTTATCA CA GTATAT ACGATAGGCG 
•ATC ACA-A GTTG TGTGGTATAT ACGATAGGCG 
-ATC ACA-ATCA CAAGTCG TGTGGTATAT ACGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
-AAGGATC-T GGGCATCATT TTTTTT-CTC TT——ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
-AAGGATC-T GGGCATCATT T M T T - A C TT— 
-AAGGATC-T CiGGCATCATT TTTTTTTCTC TT— 
-AAGGATC-T GGGCATCATT TTTTTTTCTC TT— 
-AAGGATC-T GGGCATCATT TTTTTTTCTC TT— 
-AAGGATC-T GGGCATCATT TTTTTTTCTC TT— 
-AAGGATC-T GGGCATCATT mTTT-CTC TT— 
-AAGGATC-T GGGCATCATT TTTTT-CTC TT— 
-AAGGATC-T GGGCATCATT TTTTT-CTC TT— 
-AAGGATC-T GGGCATCATT TTnT~CTC TT— 
-AAGGATC-T GGGCATCATT TnTTTTCTC TT— 
-AAGGATC-T GGGCATAATT TTTTTT-CTC TT— 
-AAGGATC-T GGGCATAATT mTT—CTC TT— 
-AAGGATC-T GGGCATAATT M T T — C T C T T— 
-AAGGATC-T GGGCATAATT m T T - C T C TT— 
-AAGGATC-T GGGCATAATT TTTTT—CTC TT ATC 











T T T T C T C TT— 
TTTT——TT TT— 
-ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
一 ATC ACA AGTCG TGTGGTAGAT ATGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ATGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ATGATAGGCG 
-ATC ACA AGTTG TGTGGTATAT ACGATAGGCG 
—ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
—ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
-ATC ACA AGTCG TGTGGTATAT ACGATAGGCG 
ACA AGTCG TGTGGTATAT ACGATAGGCG 
ACA AGTCG TGTGGTATAT ACGATAGGCG 
CCA AGTCG TGTGGTATAT ACGATAGGCG 
ACA AGTCG TGTGGTATAT ACGATAGGCG 
ACA AGCCG TGTGTTATAT ATGATAGACC 









































Te t rad i uni_rut i car p 咖 
Tetradiuin_ruticarpum 
Tetrad i um_ruti carpum 







































TAGAAATGAA CACCTTTGA- • 
TAGAAATGAA CACCTTTGA- • 
TAGAAATGAA CACCTTTGA-
TAGAAATGAA CACTTTTGA-

























225 235 245 255 265 275 285 295 
---GCAAGA AATCCCCGH TGAATGAHC CCAATTCATA TTATTGCTCA GACTGAAACT TACAAAGTCT TCTTTTTGAA 
---GCAAGA AATCCCCGTT TGAATGATTC CCAATTCATA TTATTGCTCA GACTGAAACT TACAAAGTCT TCTTTTTGAA 
---GCAAGG AATCCCCGTT TTAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTTTTTGAT 
—TCAAGG AATCCCCGTT TTAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTTTTTGAT 
---GCAAGG AATCCCCGTT TTAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTTTTTGAT 
——GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTTTTTGAA 
—GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTmTGAA 
GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTTTTTGAA 
——GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTmTGAA 
—GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTTTTTGAA 
---GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTTnTGAA 
---GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTTTTTGAA 
——GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTmTGAA 
GCAAGG AATCCCCTGT TGMTAATTC CCAAACCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
GCAAGG AATCCCCAGT TGAATAATTC CCAAACCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
---GCAAGG AATCCCCAGT TGAATAATTC CCAAACCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCnTTTTAA 
•---GCAAGG AATCCCCAGT TGAATAATTC CCAAACCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTmTAA 
---GCAAGG AATCCCCAGT TGAATAATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
—-GCAAGG AATCCCCAGT TGAATAATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
----GCAAGG AATCCCCAGT TGAATAATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAATAT TCTTTTTGAA 
GCAAGG AATCCCCAGT TGAATAATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTCT TCTTTTTGAA 
-—-GCAAGG AATCCCCAGT TGAATAATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
GCAAAG AATCCCCATT TGAATGATTC CCAACCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
—--GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TTTTTTTGAA 
----GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
----GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTmTGAA 
-_--GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTmCAA 
----GCAAAG AATCCCCAH TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTrGAA 
----GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
-——GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCmTTGAA 
GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
—--GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA mTTGCTCA TACTGAAACT TACAAAGTAT TCTTnTGAA 
-——GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTmTGAA 
-——GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTmTGAA 
-——GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTmTGAA 
-——GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTmTGAA 
----GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
——-GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
——-GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTnTGAA 
----GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAATT TACAAAGTAT TCmCTGAA 
-——GCAAAG AATCCCCATT TGAATGATTC CCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTmTGAA 
TTGAGCAAGG AATCCCCATT TGAATGATTC TCAATCCATA TTATTGCTCA TACTGAAA 
TTGAGCAAGG AATCCCCATT TGAATGATTC TCAATCCATA TTATTGCTCA TACTGAAA 
TTGAGCAAGG AATCCCCATT TGAATGATTC TCAATCCATA TTATTGCTCA TACTGAAA 
TTGAGCAAGG AATCCCCATT TGAATGATTC TCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
TTGAGCAAGG AATCCCCATT TGACTGATTC TCAATCCATA TTATTGCTCA TACTGAAACT TACAAAGTAT TCTmTGAA 
—-GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTTTTGCTCA TACTGAAACT TACAAAGTAT TCTTTTTGAA 
----GCAAGG AATCCCCATT TGAATGATTC CCAATCCATA TTTTTGCTCA TACTGAAACT TACAAAGTAT TCTmTGAA 
GCAAGG AATCCCCGTT TGAATGATTC ACAATCCATA TCATTGCTCA TACTGAAACT TACAAAGTTT TCTTTGTGGA 


















































-TTTAATCCC T G - m A -
-TTTAATCCC TT-TTTA-
—GATG 
- G A ' 
--GA 
ifolium 




-TCAAG AAAATAAAn CTCCTCCCAA GACT 
TCAAG AAAAGAAATT ATCCTCCCAA GACT 
——TCAAG AAAAGAAATT ATCCTCCCAA GACT 
TCAAA AAAAGAAATT CACCTCCCAA GACT 
TCAAA AAAAGAAATT CACCTCCCAA GACT 
TCAAG AAAAGAAATT CACCTCCCAA GACT 
TCAAG AAAAGAAATT CACCTCCCAA GACT 
TCAAG AAAAGAAATT CACCTCCCAA GACT 
TCAAG AAAAGAAATT CCCCTCCCAA GACT 
TCAAG AAAAGAAATT CCCCTCCCAA GACT 
AAGATTCAAG AAAAGAAATT CCCCTCCCAA GACT 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
——TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
——TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT TCCCTCCCAA GACC 
TCAAG AAAAGAAATT CCCCTCCCAA GACC 




I ....I....I ….1•…丨....I....I 
375 385 395 
- — m T T A A T TGACATAGAC CCAAGTCATC 
-—TTTTTAAT TGACATAGAC CCAAGTCATC 
--TTTTTTAAT TGACATAGAC CCAAGTCATC 
--ITTTTTAAT TGACATAGAC CCAAGTCATC 
- - T m T T A A T TGACATAGAC CCAAGTCATC 
-TTTAATACT TT-TTT TTAAT TGACATAGAC CAAAGTCATC 
-TTTAATACT TT-TTT TTTAT TGACATAGAC CCAAGTCATC 
-TTTAATACT TT-TTT TTTAT TGACATAGAC CCAAGTCATC 
-TTTAATACT TT-TTT TTTAT TGACATAGAC CCAAGTCATC 
- m A A T A C T TT-TTT TTTAT TGACATAGAC CCAAGTCATC 
-TTTAATACT TT-TTT TTTAT TGACATAGAC CCAAGTCATC 
-TTTAATACT TT-TTT TTTAT TGACATAGAC CCAAGTCATC 
TTTTAATACT T T - T T T G C n T T T T A A T TGACATAGAC CCAAGTCATC 
-TTTAATACT TT-TTT——-CTTTTTTAAT TGACATAGAC CCAAGTCATC 
-TCAAG AAAAGAAATT CCCCTCCCAA TACT-
-TCAAG AAAAGAAATT CCCCTCCCAA GACT-
-TCAAG AAATGAAATT CCCCTCCCAA GACT-
-TCAAG AAATGAAATT CCACTCCCAA GACT-
-TCAAG AAATGAAATT CTCGA GACT-
























-TTTAATACT T T - m -
-TTTAATACT TT-TTT— 
-TTTAATACT TT-TTT— 





• -TTTAATACT TT-TTTT 
--TTTAATACT TT-TTTTTTT CTTTTTTAAT 
--TTTAATACT tT-TTTTTTT C m T T T A A T 
--TTGCATACT TTATTTTTGT CTTTTTTCAT 
--TTTAATACT TT-TTTA~T C m T T T A A T 
c m T T T A A T TGACATAGAC CCAAGTCATC 
C m T T T A A T TGACATAGAC CCAAGTCATC 
cmTTTAAT TGACATAGAC CCAAGTCATC 
CrmTTAAT TGACATAGAC CCAAGTCATC 
C r m T T A A T TGACATAGAC CCAAGTCATC 
CTTTTTTAAT TGACATAGAC CCAAGTCATC 
CTTTTTTAAT TGACATAGAC CCAAGTCATC 
CTTTTTTAAT TGACATAGAC CCAAGTCATC 
CTTTTTTAAT TGACATAGAC CCAAGTCATC 
c m T T T A A T TGACATAGAC CCAAGTCCTC 
c r m T G A A T TGACATAGAC CCAAGTCATC 
CTTTTTTAAT TGACATAAAC CCAAGTCATC 
CrmTTAAT TGACATAAAC CCAAGTCATC 
CTTTTTTAAT TGACATAAAC CCAAGTCATC 
CTTTTTTAAT TGACATAAAC CCAAGTCATC 
CTTTTTTAAT TGACATAAAC CCAAGTCATC 
CTTTTTTAAT TGACATAAAC CCAAGTCATC 
c m T T T A A T TGACATAAAC CCAAGTCATC 
crrrnTAAT TGACATAAAC CCAAGTCATC 
CTTTTTTAAT TGACATAAAC CCAAGTCATC 
CTTTTTTAAT TGACATAAAC CCAAGTCATC 
CTTTTTTAAT TGACATAAAC CCAAGTCATC 
CTTTTTTAAT TGACATAAAC CCAAGTCATC 
• CTTTTTTAAT TGACATAAAC CCAAGTCATC 
.CTTTTTTAAT TGACATAAAC CCAAGTCATC 
-CrmTTAAT TGACATAAAC CCAAGTCATC 
-CTTTTTTAAT TGACATAAAC CCAAGTCATC 
-CrmTTAAT TGACATAAAC CCAAGTCATC 
-CTTTTTTAAT TGACATAAAC CCAAGTCATC 
-CTTTTTTAAT TGACATAAAC CCAAGTCATC 
- cmTTTAAT TGACATAAAC CCAAGTCATC 









TAGTAAGATG AGGAGGGTGG GGCG 
TAGTAAGATG AGGAGGGTGG GGCG 
TAGTAAGATG AGAACGGTGT GTCG 
TAGTAAGATG AGAACGGTGT GTCG 
TAGTAAGATG AGAACGGTGT GTCG 
TAGTAAGATG AGGATGATGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATA AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTC-
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
hyllus TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GACG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
hloiiun TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGTTGT GTCG 
TAGTAAGATG AGGATGTTGT GTCG 
um TAGTAAGATG AGGATGTTGT GTCG 
m TAGTAAGATG AGGATGTTGT GTCG 
Ju TAGTAAGATG AGGATGTTGT GTCG 
io TAGTAAGATG AGGATGTTGT GTCG 
lum TAGTAAGATG AGGATGTTGT GTCG 
im_ TAGTAAGATG AGGATGTTGT GTCG 
咖 TAGTAAGATG AGGATGTTGT GTCG 
iiuu TAGTAAGATG AGGATGTTGT GTCG 
e TAGTAAGATG AGGATGTTGT GTCG 
TAGTAAGATG AGGATGTTGT GTCG 
TAGTAAGATG AGGATGTTGT GTCG 
TAGTAAGATG AGGATGTTGT GTCG 
TAGTAAGATG AGGATGTTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
TAGTAAGATG AGGATGGTGT GTCG 
folium TAGTAAGATG AGGATGGTGT GTCG 
GAGTAAGATG AGGATGGTGT GC~ 
GAGTAAGATG AGGATGGTGT GC— 
TAGTAAAATG GGGATGGTGT GTCG 
TAGTAAAATG AGGATGATGC GCCG 
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